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I, General introduction 
3 
The medical problem of venous diseases was born when during the evolution 
mankind started to go in the upright position, on two limbs instead of four. This 
change in posture lead to a change in venous haemodynamics. In the upright posi­
tion the distance between feet and heart is almost doubled compared to the four-
legged position. As a result of gravity, this will lead (among other things) to an 
increased venous pressure in the legs, which in tum can lead to decompensation and 
dilatation of the vessel walls and thus to varicose veins. In the long run 
insufficiency of veins can lead to oedema formation, to skin changes and in the end 
to leg ulcers. Mankind is the only species on earth suffering from varices and 
venous ulcers. In chapter Π the venous haemodynamics and the mechanism how 
chronic dysfunctioning of the veins can lead to skin ulceration will be described. 
Through the ages varicose veins and venous leg ulcers have been teasing patients as 
well as doctors, and up to the present it is still one of the most common medical 
problems in the western world. Estimations of the prevalence of venous disorders in 
adults vary from 10 to 50 %. In women the prevalence is 1.5 to 2 times higher than 
in men. In 75 % of all cases it concerns superficial varicose veins. The final compl­
ication of chronic venous insufficiency is the leg ulcer. It is estimated that 0.5 to 2 
% of the population is or has been suffering from leg ulceration. The point 
prevalence of active leg ulcers in The Netherlands is estimated on 50 to 75 thousand 
patients. It is known that venous leg ulcers have a great impact on the costs of 
health care (Dinkel 1989). 
In 5 to 15 % of all venous disorders medical treatment is indicated. In case of 
uncomplicated superficial varicose veins surgery or sclerotherapy are effective treat­
ments, focussed on the restoration of the venous haemodynamics. In cases where 
such a restoration is not possible compression therapy with bandages or medical 
compression stockings is necessary. 
Compression therapy has been applied for several hundreds of years (in chapter II.3 
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an historical overview will be given) and in practice has proved to be effective in 
the treatment of chronic venous insufficiency and venous leg ulcers and also in 
cases of lymphoedema. In the last thirty to forty years the use of medical 
compression hosiery has been encouraged by phlebologists especially for these 
indications. However, still a lot of misunderstandings and prejudices against elastic 
stockings exist. Injudicious prescribement of elastic stockings can easily lead to 
disappointment and confirmation of the prejudices. In spite of all this, the use of 
compression hosiery has become more and more common and according to data of 
manufacturers in The Netherlands more than 60 million guilders per year are spent 
on medical compression hosiery. In chapter Π.4 an overview of the wide assortment 
available on the Dutch market will be given. 
Perhaps one of the main reasons for the wide-ranging misunderstandings about 
compression hosiery is that there is still little known about the basic working 
mechanisms of elastic stockings on the venous haemodynamics. In literature only a 
few studies exploring these basic working mechanisms can be found. In fact the use 
of elastic stockings is still mostly based on hypotheses and practical experiences. 
These hypotheses and experiences, mentioned in literature, are summarized in 
section II.2. 
Part of the purpose of this study is to get a deeper understanding of the effects of 
elastic stockings on the venous haemodynamics. Therefore we made a quantitative 
study of various haemodynamic parameters using several measuring techniques like 
strain gauge plethysmography and photoplethysmography (chapter ΠΙ). For the 
measurement of venous pump function a new non-invasive test was developed, 
based on an approved method for measuring ambulatory venous pressure, by using 
strain gauge plethysmography. This so called 'supine venous pump function test' is 
described in chapter Г . 
In line with the foregoing, another part of this study was focussed on the question 
whether, in case of severe venous insufficiency, stockings should be made-to-
measure. It is generally accepted that for an optimum treatment medical compression 
stockings should be graduated, with a decreasing pressure gradient from distal to 
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proximal. However, evidence for this statement is still lacking. Made-to-measure 
stockings can be made perfectly in accordance with such a pressure gradient. In 
ready-made stockings changes in the desired pressure gradient can occur when the 
limb circumferences do not match the circumferences the stockings are made for. To 
evaluate the tolerance of the pressure gradient we studied the effects of a specially 
made 'non-graduated' compression stocking. This stocking deliberately had a dip in 
the pressure gradient The results were compared with the results of a perfectly 
graduated stocking. More about the method and materials can be read in chapter ΙΠ. 
In chapters V, VI, and VII the results of the study are presented and discussed. In 
chapter Ш some final remarks, general conclusions and suggestions for future 
research are made. 
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Fig.II.la,b : 
Schematic drawing of a pressure curve obtained in a direct venous pressure measurement in a normal 
subject (П.іа) and in a patient with deep venous insufficiency (II.lb). By standardized calf exercises the 
standing venous pressure (SVP) is decreased (with Pe mmHg) to the ambulatory venous pressure (AVP), 
so: 
Pe = SVP - AVP. 
The refill time (RT) is measured in seconds from the end of the exercise until the moment the venous 
pressure has returned to the SVP. 
П.1. Aspects of venous haemodynamics 
In the venous system of the lower limbs two compartments can be distinguished: the 
superficial compartment and the deep compartment, separated from each other by 
the deep fascia cruris. 
The two main collector veins of the superficial compartment, the long and short 
saphenous vein, drain directly into the deep venous system: the long saphenous vein 
via the sapheno-femoral junction and the short saphenous vein via the sapheno-
popliteal junction. Via the so-called perforating veins many other connections 
consist between the superficial and the deep venous system. From a network of 
superficial venules and veins in the skin and the subcutaneous tissue blood is 
transported via the perforating veins and the junctions into the deep venous system 
and further transported towards the heart. Valves in the perforating veins and in the 
junctions can prevent reflux from the deep into the superficial compartment. 
The deep venous system is the main outflow tract for the return of venous blood 
from the limbs to the heart. The deep veins in the calf lie within the muscles 
(Gastrocnemius veins, soleus sinuses) and between the muscles (posterior and 
anterior tibial veins, peroneal veins). One contraction of the calf muscles will 
generate pressures of 100-150 mmHg in the deep compartment (Höjensgard and 
Stump 1953). With intact deep venous valves and intact valves in the perforating 
veins, this pressure causes blood to be squeezed through the deep veins towards the 
heart. This so-called calf muscle pump mechanism plays a major role in the 
reduction of the venous pressure at the ankle, which in the motionless standing 
position due to gravity reaches values up to 90-110 mmHg, depending on the height 
of the subject. 
Using invasive venous pressure measurements (Kuiper 1966) it was shown that with 
an intact calf muscle pump already a few muscle contractions during tip-toe 
movements are sufficient to reduce the standing venous pressure of approximately 
100 mmHg to below 25 mmHg. A schematic drawing of an invasive venous 
pressure measurement showing such a pressure reduction is given in fig. П.іа. In 
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case of patients with deep vein incompetence this pressure reduction is diminished, 
dependent on the degree of insufficiency of the veins. In such case, as given in the 
example in fig.n.l.b the ambulatory venous pressure (AVP), this is the lowest 
pressure in the veins during exercise, decreases not further than to 70 mmHg. 
In the same schematic drawings of venous pressure measurements, it is also 
illustrated that usually, in patients suffering from deep vein incompetence, the time 
needed for the refilling of the venous system after the exercise has been stopped is 
shortened, as compared to normal subjects. This so-called refill time can be 
measured also by several non-invasive methods, and is regarded as a measure for 
the venous reflux. 
Besides the calf muscle pump several authors have emphasized the importance of 
the foot pump (Kuiper 1966, Gardner and Fox 1989, Rosfors et al. 1990, Cheatle 
1991). 
In patients with deep venous insufficiency the persistent high ambulatory venous 
pressure in the legs will lead to the formation of oedema and other symptoms of 
chronic venous insufficiency, and to disorganisation of the microcirculation, which, 
in the end, will lead to venous ulceration (Consensus paper on venous leg ulcers, 
Alexander House Group 1992). 
In the treatment of the chronic venous insufficiency syndrome and in the prevention 
of venous ulceration, compression therapy with bandages and elastic stockings plays 
an important role. The influences of compression on venous haemodynamics are 
discussed in the next paragraph. 
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II.2. Haemodynamic efTects of compression stockings 
Compression therapy by means of elastic stockings is known since more than a 
century as a beneficial treatment of venous disorders. However, there is still little 
known about the major working mechanisms of compression stockings. Surprisingly, 
the world wide use of elastic stockings is mostly based on empirical grounds. 
Influence on venous volume 
One of the most obvious effects of elastic compression is a reduction of the venous 
volume, which was demonstrated in several studies (Pierson et al. 1983, Emter et al. 
1989, Christopoulos et al. 1990, Jansen and Wienert 1991). The increase in venous 
flow velocity, as measured by several authors (Sigei et al. 1973, 1975, Lewis et al. 
1976, Lawrence and Kakkar 1980, Johnson et al. 1982, Schmitt 1990) can be seen 
as a direct result of such a reduction of the venous volume. This increase in venous 
flow velocity in turn can be considered, in the light of Virchows trias, as the main 
reason for the beneficial effect of anti-embolism stockings on the incidence of 
postoperative deep vein thrombosis, which was demonstrated by several authors 
(Holford 1976, Scurr et al. 1977, Porteous et al. 1989, Williamson et al. 1990). 
Influence on venous muscle pump function 
Furthermore it has been suggested that the reduction of the vessel radius should 
improve the function of partially insufficient venous valves, and in this way improve 
the venous muscle pump function (Partsch 1985, Schmitz 1987, Browse, Bumand 
and Thomas 1988). Several authors have investigated the influence of elastic 
compression on venous pump function but the results are controversial. Ambulatory 
venous pressure measurements in patients with deep venous insufficiency showed no 
substantial improvement of calf pump function (Somerville et al. 1974, O'Donnel et 
al. 1979, Mayberry et al. 1991) or only a slight improvement (Christopoulos et al. 
1987), while on the other hand Homer et al. (1980) found a clear positive effect, i.e. 
a significant decrease of ambulatory venous pressure, due to graduated elastic 
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compression in limbs with deep venous insufficiency. In patients with superficial 
venous insufficiency Chnstopoulos et al. (1987) even found almost a normalisation 
of the ambulatory venous pressure. This is in contradiction to the findings of Partsch 
(198S) who could not demonstrate any significant lowering of the ambulatory 
venous pressure in patients with vena saphena magna insufficiency. 
In several studies, based on limb volume measurements in patients with deep venous 
insufficiency, an increase in expelled volume (the reduction of thé venous volume 
by muscle pump activity) has been found as a result of compression with elastic 
stockings (Gjöres and Thulesius 1977, Rudofski 1980, Jones et al. 1980, Partsch 
1984, 1985, 1989, Sjöberg et al. 1987, Gr<J>nbaeck et al. 1991). Struckman (1986) is 
the only one who could not find a statistically significant immediate effect on the 
expelled volume with any of the stockings he tested in patients with venous 
insufficiency. 
Influence on venous reflux 
The influence of compression on venous reflux has been studied in measurements of 
venous refill times. Several authors, using various techniques, could not show any 
prolongation (O'Donnel et al. 1979, Mayberry et al. 1991) or only a slight 
prolongation of the venous refill time as a result of elastic compression in patients 
with deep venous insufficiency (Gjöres and Thulesius 1977, Jones et al. 1980, Scott 
Norris et al. 1984, Samson et al. 1986, Cornwall et al. 1987, Stöbert et al. 1989). 
On the other hand clear prolonged refill times as an effect of elastic compression 
have been found in patients with superficial venous insufficiency (Chnstopoulos et 
al. 1987, Cornwall et al. 1987). 
Influence on tissue pressure 
The most important, although not always discerned, effect of external compression 
is the increase of the extravascular pressure, which will result in a decrease of the 
transmural pressure, i.e. the difference between the intravascular and the extra-
vascular (tissue) pressure. According to the Starling mechanism this will result in a 
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reduced transcapillary filtration and thus in the prevention of oedema (Brakkee and 
Kuiper 1988). The prevention of oedema in patients with chronic venous insuf-
ficiency will improve the microcirculation, which will result in less complaints and 
in a reduction of the incidence of venous leg ulcers. Theoretically the increased 
interstitial pressure also gives support to the venous wall and it may be expected 
that this is one of the reasons that compression with elastic stockings is mentioned 
to be helpful in the prevention of varicose veins in subjects with known risk factors 
like standing professions or during pregnancy. 
II.3. History of compression therapy and elastic stockings 
Reviews of the history of compression therapy (Marmasse 1979, Stemmer 1986, 
Browse, Bumand and Thomas 1988, Hohlbaum 1987 and 1988, Mathiesen 1988) 
mostly start with the works of Hippocrates (450-350 B.C.), who described the use of 
different types of bandages to treat ulcers but probably not in the way we now know 
as compression therapy. 
It lasted until the 14th century before Maitre Henri de Mondeville (1302-1320) 
described the use of bandages on the limbs to drive out the 'evil humours' from 
ulcers. In 1363 Guy de Chauliac described the use of plates of lead as compression 
therapy in the treatment of leg ulcers. 
Ambroise Paré (1510-1590) was a surgeon in service of Henri II. He was captured 
by the British during the French-British war, but he was immediately released after 
he had cured the leg ulcer of the British army Lord Vaudeville by using com-
pression bandages. 
Richard Wiseman (1622-1676), a British surgeon to Charles II, described 
compression bandaging from the foot up to the knee in the treatment of swollen legs 
and thrombophlebitis. After the swollen leg was cured he advised the use of leather 
lace-up stockings. Leg ulcers were also treated by bandaging and by local 
compression with plates of lead. 
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In the 18th and 19th century several bandaging materials and techniques for the 
treatment of varicose ulcers and leg oedema have been described, for instance by 
Bassi (1744), Baynton (1797) and Unna (1854). 
The discovery of rubber as a natural elastic material led to the construction of the 
First 'elastic stocking' in 1848 by William Brown from Middlesex. Jonathan Sparks 
improved this invention by covering the rubber thread with cotton or silk (1851). In 
1904 the first seamless stocking was manufactured by Oskar Huppelsberg. 
Until the second world war compression therapy by bandaging and by elastic 
stockings was used and developed mainly on empirical basis. After world war Π a 
more scientific approach by several clinicians, physicists and other researchers led to 
the use of new materials and to a wide spread of elastic compression stockings in 
the treatment of venous diseases. 
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Π.4. Classification of compression hosiery 
Many different types of compression stockings are available for patient care, with 
variations in pressure classes, lengths and stocking materials, each of which having 
their own specifications and indications. An overview (the so-called list of Beraink, 
edition 1994) of the assortment of compression hosiery as delivered by 
manufacturers in the Netherlands, is given in the appendix at the end of this chapter. 
The pressure classification of compression hosiery depends on the pressure exerted 
by the stocking at the so-called B-level (at the smallest circumference of the limb 
just above the ankle). The medical compression hosiery has been classified into four 
classes by the European Committee for Standardization of compression hosiery 
(CEN) in 1992. This committee has advised the following pressure classes: 
class 1 : 13-23 mmHg (17-31 hPa) 
class 2 : 24-33 mmHg (32 - 44 hPa) 
class 3 : 35-47 mmHg (47 - 63 hPa) 
class 4 : > 50 mmHg ( > 67 hPa) 
The respective values indicate the pressure of the hosiery exerted at a hypothetical 
cylindrical ankle. The most important indications for the different pressure classes 
are summarized in table П.1. All the different types of compression hosiery on the 
Dutch market are controlled by the 'Centrum T.N.O. Textiel' in Delft. 
For the individual patient the size of the hosiery is determined by length- and girth 
dimensions regarding to the relevant measuring points. For the prescription of well 
sized stockings besides the circumferences at several measuring points on the limb 
also the heights of the measuring points have to be measured. The measuring points 
as defined by the CEN are shown in fig.II.2 and described in table Π.2. 
In the Netherlands, as in most European countries, compression hosiery is available 
with and without seam. For compression hosiery that needs to be made-to-measure. 
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stockings with a seam are more appropriate although (within certain limits) 
stockings without a seam can also be made-to-measure. 
Table Π.1: Indications for elastic stockings. 
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Classi: 
* Prevention of deep vein thrombosis and pulmonary embolism in bed patients 
Class 2: 
* Beginning Chronic Venous Insufficiency (C.VJ.) 
* After a deep vein thrombosis for the prevention of: 
pulmonary embolism (in acute/subacute fase) 
renewed thrombosis 
chronic venous insufficiency (post-thrombotic syndrom) 
* Pregnancy: prevention of oedema or varicosis 
* Varicose veins, if sclerotherapy or operative treatment is not wanted. 
* Tired legs or familial predisposition for varicose veins in standing professions 
* After sclero-compression therapy or operative treatment of varicose veins 
* Oedema due to trauma or fracture 
* In elderly and rheumatic patients for whom it is difficult to put on class 3 compression stockings. 
* In patients with also peripheral arterial or arteriolar diseases who cannot tolerate class 3 compression 
stockings. 
* Arm stockings in (secondary) lymphoedema 
Class Э: 
* Treatment of small venous ulcers 
* Healed venous ulcer 
* Severe C.V.I., or 
* Beginning C.V.I, in standing profession 
* Beginning lymphoedema 
* Recurrent erysipelas (cellulitis) 
Class 4: 
* Lymphoedema 
* Severe C.V.I, with great oedema 
* Fast wastage class 3 
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Fig.n.2: 
Measuring points on the human leg for medical compression hosiery. 
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Table Π.2. Measuring points and description 
1 Measuring points 
a 
A 
В 
Bl 
с 
D 
E 
F 
G 
H 
К 
Kl 
K2 
Τ 
Χ 
Υ 
Description of the measuring point 
the sole of the foot at the heel 
the forefoot at the implantation of the toes 
the ankle at the point of its minimum girth 
the point at which the achilles tendon changes into the 
calf muscles 
the calf at its maximum girth with elevated free calf 
the tuberositas tibiae below the knee 
over the centre of the patella and over the back of the 
knee 
at the middle between the hip and the knee 
five centimeters below К with the patient in the upright 
position 
at the greatest lateral trochanteric projections of the 
buttock 
centre point of the crutch 
the level of the symphyse 
the level of the glutaeus-ïold 
the nature waistline 
the middle of the foot 
instep 
20 
Appendix: Assortment of compression hosiery available on the Dutch market in 1994. 
Class 
and 
Stocking pressure 
at B-level 
CLASS 4 
> 5 S mmHg 
CLASS 4 
45 - 55 mmllg 
Stocking 
Eurofonn super 
Euroform speciaal 
Eurodem super 
Goldpunkt Dur 
Veni Dur Extra 
T.R.N. 4 
Rex 4 
Juzo Helastic 3024 
Neo Durelna speciaal 
Neo Durelna super 
Venotrain profil 
Medi 550 
Elvarex super 
Sigvaris 505 
Eurodem speciaal 
Perflor 231 
Elvarex 4 
Manufacturer 
Varodem 
Varodem 
Varodem 
Schiebler 
Schiebler 
Anvarex 
Anvarex 
Julius Zorn 
Varitex 
Varitex 
Bauerfeind 
Weco 
Beiersdorf/Jobst 
Canzoni 
Varodem 
Kundt 
Beiersdorf/Jobst 
Seam 
made-
to-
measure 
Χ 
Χ 
Χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
ready­
made 
Χ 
Χ 
Seamless 
made-
to-
measure 
ready­
made 
Χ 
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CLASS 3 
35 - 45 mmHg 
Supplex 
KoDipnvar speciaal 
Vcnotrain profil 
Veootrain strong 
DoktusDur 
VeruDur 
Goldpunkt normal 
епоГИ 111 
Perflor 222 
Lasloflex 143 
Rondur katoen 
Neo Durelna 
Flebodur 
Juzo Helastic 3023 
Juzo Helastic CoL 
3023 
Juzo Vann soft 3513 
Juzo Vann soft in silk 
3513 
Juzo Vann soft In 
3513 
Juzo Vann super 3533 
Eurodem 
Euroform 
Euroform katoen 
E lirondo 
Eurondo katoen 
Topas 1281 
Leslie stark 1325 
Rex3 
TRN3 
Sheer 3 
Sigvans 203 
Sigvans 504 
Medi plus kl 3 
Medi 550 kl 3 
Medi 33 
Elvarex forte 3 
Elvarex 3 
Bellavar 3 
Brevet supreme 
Kuyten 
Kuyten 
Bauerfeind 
Bauerfeind 
Schiebler 
Schiebler 
Schiebler 
Kundt 
Kundt 
Kundt 
Van lex 
Van lex 
Van lex 
Julius Zorn 
Julius Zorn 
Julius Zorn 
Julius Zorn 
Julius Zorn 
Julius Zorn 
Varodem 
Varodem 
Varodem 
Varodem 
Varodem 
Pe/Th 
Pe/TH 
Anvarex 
Anvarex 
Anvarex 
Ganzoni 
Ganzoni 
WeCo 
WeCo 
WeCo 
Beiersdorf/Jobst 
Beiersdorf/Jobst 
Beiersdorf/Jobst 
Beiersdorf/Jobst 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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CLASS 2 
25 - 35 mmHg 
Supplci S 
Komprivar 
Sheer 2 
Sheer 
Eurotex 
Eurostar 
Eurostar katoen 
Neostar 
Eurolux 
Eurolux katoen 
Souplesse 
Flair 
Soft 
Neotex 
Rondur soft 
Rondur easy 
Neo Varex 
Luxovar comtesse 
Fleoovar 
Duna 
Neo Duna 
Luxovar 
Luxovar elegance 
Luxovar finesse 
Sigvaris 202 
Sigvaris 503 
Sigvaris 702 
Sigvaris 802 
Sigvaris 902 
Venotrain strong 2 
Venotrain soft kl.2 
Venotrain profil kl.2 
Venotrain color light 2 
Juzo Varilastie 3612 
Juzo Hostess 2502 
Juzo Hostess panty 
2582 
Juzo Varin soft 3512 
Juzo Helastic 3022 
Juzo Helastic cot. 3022 
Juzo Varin soft cotL 
3512 
Juzo Varin soft in 
3512 
Juzo Varin soft in silk 
3512 
Juzo Varin super 3532 
Juzo Lastk 3002 
Juzo 2002 
Florex 121 
епоШ 101 
VenoHt100 
Lastoflex 142 
Perlfor 221 
Topas 1280 
Lastic 1300 
Rubin 1250 
Brillant 2002 
Opal 1260 
Kuyten 
Kuyten 
Anvarex 
Anvarex 
Vaiodem 
Varodem 
Varodcm 
Varodem 
Varodem 
Varodem 
Varodem 
Varodem 
Varodem 
Varodem 
Vari ten 
Vari tei 
Varitex 
Varitex 
Varitex 
Varitex 
Varitex 
Varitex 
Varitex 
Varitex 
Canzoni 
Canzoni 
Canzoni 
Canzoni 
Canzoni 
Bauerfeind 
Baucrfeind 
Bauerfeind 
Bauerfeind 
Bauerfeind 
Julius Zorn 
Julius Zorn 
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Julius Zorn 
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Julius Zorn 
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Kundt 
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Kundt 
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Pe/Th 
Pe/Th 
Pe/Th 
Pe/Th 
Pe/Th 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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X 
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CLASS 2 
CLASS 1 
< 25 mmHg 
Goldpunkt KarakL 
Veni Dur 
Dokbis mit Naht 
Doktus ohne Naht 
Star cotton 
Medi 75 kl.2 
Medi plue kl.2 
Mediven 
Medi 32 
Medi 550 kl.2 
Jobst kl.2 
Elvarex 2 
Bellavar 2 
Comprifonn 2 
Comprinet 2 
Brevet supreme 
Varitex club 
Luxovar chic 
Europerl 
Euronyl 
E uro flex 
Komprivar 
Komprilux 
Sigvaris 601/901 
Sigvaris 651/901 
Sigvaris 676/901 
Sigvaris 801 
DeUlah 1400 
DeUlah 1401 
DeUlah 1403 
DeUlah 1405 
DeUlah 2002 
DeUlah 2012 
Samson 2001 
Samson 2011 
Juzo Hostess 2501 
Juzo Hostess panty 
2581 
Juzo Varm super 3531 
Juzo Varin soft 3511 
Juzo Varin soft in 
3511 
Juzo Varin soft in Silk 
3511 
Juzo Helastic Cot 3021 
Juzo Helastic soft 
3021 
Venotrain soft 1 
Venotrain color light 1 
Lova 2 
Lastoflex 141 
Venom 130 
Medi super 75 kl.l 
Comprinet fine 
Brevet supreme 
Schiebler 
Sc hiebler 
Sc hiebler 
Schiebler 
Schiebler 
Weco 
Weco 
Weco 
Weco 
Weco 
Beiersdorf/Jobst 
Beiersdorf/Jobst 
Beiersdorf/Jobst 
Beiersdorf/Jobst 
Beiersdorf/Jobst 
Med 
Varitex 
Varitex 
Varodem 
Varodem 
Varodem 
Kuyten 
Kuylen 
Canzoni 
Canzoni 
Canzoni 
Canzoni 
Canzoni 
Canzoni 
Canzoni 
Ganzoni 
Canzoni 
Ganzoni 
Ganzoni 
Canzoni 
JuUus Zom 
JuUus Zorn 
Julius Zom 
JuUus Zom 
JuUus Zom 
JuUus Zom 
JuUus Zom 
JuUus Zom 
Bauerfeind 
Bauerfeind 
Anvarex 
Kundt 
Kundt 
WeCo 
Beiersdorf/Jobst 
Med 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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X 
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ΠΙ.1. Introduction and outline οΓ the study 
Continuous compression therapy by elastic stockings is generally considered as a 
beneficial therapy in patients with chronic venous insufficiency. The pressure 
exerted by the stockings is preferred to be linearly decreasing towards the heart. 
Although many authors emphasize the importance of such a graduation of the 
compression (Stemmer 1980, Bumand 1986, Whitley 1988, Korstanje and Neumann 
1990, Leu 1990) most of these opinions are based only on clinical experience and 
common sense. 
Several authors have studied haemodynamic effects of elastic stockings but in only a 
few of these studies the graduation of the compression with elastic stockings was 
controlled by pressure measurements (Holford 1976, Scurr et al. 1977, Lawrence 
and Kakkar 1980). Until now, only four studies have been published that compared 
the results of measurements during graduated compression with the results during 
non-graduated compression. A difference in favour of the graduated compression 
was found in increasing the femoral vein velocity (Sigei et al. 1975), in reducing 
ambulatory venous pressure (Homer et al. 1980) and in prolonging venous refill 
time (Cornwall et al. 1987). There are other authors however, as mentioned in 
chapter II, who could not find any effect of elastic compression on ambulatory 
venous pressure as well as on venous refill time. Williamson et al. (1990) found no 
differences in the effect on the incidence of postoperative thrombosis between a 
graduated stocking and a stocking with an opposite pressure gradient, although the 
graduated stocking was experienced more comfortable. 
For theoretical and empirical reasons many authors recommend made-to-measure 
stockings for patients with severe venous insufficiency and recurrent venous ulcers, 
as in these stockings graduated compression is ensured, whereas in ready-made 
stockings it is not (Hohlbaum 1982, Leu 1982, 1990, Korstanje and Neumann 1990, 
Heuser 1992). Studies of the graduation of made-to-measure and ready-made 
stockings give support to these recommendations (Byars et al. 1977, Cornwall et al. 
1987). 
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The goal of our investigations was to evaluate the pressure tolerance of graduated 
compression stockings. For this purpose we studied several haemodynamic effects as 
well as the clinical effectivity of two different made-to-measure elastic stockings. 
One stocking had a perfectly graduated compression profile ('G'-stocking) and the 
other stocking had the same profile except for a deliberately made pressure dip of 
10 mmHg above the ankle at the so called Bl-Ievel ('A'-stocking). More detailed 
information about both stockings will be given in section ΠΙ.4. 
The effects of these two types of stockings on venous volume and oedema 
formation (chapter V), on venous pump function (chapter VI) and on venous reflux 
(chapter VII) have been studied. Mainly two measuring techniques have been used: 
strain gauge plethysmography and digitalized photoplethysmography. Basic 
information about the two techniques is given in section III.2 and III.3 respectively. 
For measuring the venous pump function a modification of an, in our department, 
approved Plethysmographie method has been developed. This modified pump 
function test is performed with the patient in a steady horizontal position during the 
whole measurement A detailed description and evaluation of this 'supine venous 
pump function test' will be given in chapter IV. 
Ш.2. Strain gauge plethysmography 
For the measurements of venous volume, venous pump function and venous refill 
time strain gauge plethysmography (SGP) has been used. This technique was 
introduced by Whitney (1953) and further developed by Brakkee and Vendrik 
(1966). Variations in the circumference of the limb cause variations in the length of 
the strain gauges (mercury filled rubber tubes) placed around the limb. The 
corresponding changes in the electrical resistance of the mercury 'thread' are 
converted into percentage limb volume changes. 
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We have used a two channel system, developed in the department of Medical 
Physics and Biophysics of the Nijmegen Medical Faculty. The Plethysmograph is 
connected to a recorder, which registrates the volume changes. At each moment 
during the measurements an electrical volume calibration can be made. 
Pneumatic cuffs are used to induce venous congestion, which will lead to a change 
of the limb volume. A pneumatic system is available, which can keep the pressure 
within the cuff constant at each desired level up to 300 mmHg. 
Ш.З. Photoplethysmography 
Photoelectric plethysmography was first described by Hertzman in 1937. This 
technique makes use of the fact that the intensity of light transmitted by the skin 
depends on the blood content of the skin. For many years this technique was mainly 
used for registration of arterial pulsations in skin areas. In 1979 Abramovitz et al. 
described the possibility of measuring the venous pumpfunction of the lower 
extremities with photoplethysmography since a good correlation could be found 
between the curve obtained by photoplethysmography and the curve obtained by 
direct venous pressure measurements. In 1982 Wienert and Blazek presented a new 
technique for photoplethysmography which they called light reflection rheography 
(LRR). It could be used for the detection of venous reflux and since then the use of 
photoplethysmography for routine praxis in venous disorders has been widely 
spread. In 1989 Blazek presented an improved form of photoplethysmography 
(dPPG) which works on digital basis and enables an automatically-controlled 
measuring procedure. 
The venous refill times measured by photoplethysmography show good correlations 
with the refill times obtained by invasive venous pressure measurements (Hartmann 
and Wolf 1984, Miihl 1984, Mandallaz and Blank 1987) and other Plethysmographie 
techniques (v.d.Broek et al. 1989) 
29 
In this study the venous refill time was not only measured by strain gauge 
plethysmography, but also by digitalized photoplethysmography as described by 
Blazek in 1989 (fig.m.l). 
Fig.III. l: Digitalized photoplethysmography (dPPG) 
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III.4. Stocking-G and stocking-Α 
Two different made-to-measure elastic stockings have been made for each patient in 
this study by N.V. Varitex, Haarlem, The Netherlands. 
Stocking-G ('G' stands for graduated) is a made-to-measure stocking (Neodurelna 
AD, cl. 3) with a perfectly graduated pressure profile: the stocking pressure is the 
highest in the ankle region and is decreasing linearly towards the heart. 
Stocking-Α ('A' stands for abnormal) is equally made except for an area of 6- 8 cm 
at the В1-level (see Fig.III.2) where the pressure in stocking-A was 10 mmHg lower 
than in stocking-G. 
In section m.4.a. it is described how stockings with graduated pressure profiles can 
be made. In section ПІ.4.Ь. the measurement of stocking pressure is discussed and 
the pressure profiles are given of both stocking-G and stocking-A. 
Ш.4.а. The making of graduated made-to-measure stockings 
The production of made-to-measure stockings always starts with careful measure­
ments of the circumferences at A-, XY-, B-, Bl-, C- and D-level of each limb (see 
fig.II.2, chapter II). For the production of the stockings in our study also the 
distances between the heart and the B-, Bl-, C- and D- level respectively were 
measured. The heart-level was taken at the fourth intercostal space. 
The pressure exerted at the B-level (P(B)) by a Neodurelna cl.3 stocking should be 
42-45 mmHg. Presuming the virtual stocking pressure at heart level to be zero, the 
ideal stocking pressure at В1-level (P(B1)) to get a linear pressure gradient is 
calculated: 
distance (Bl - heart) 
P(B1)= x P(B) 
dislance (В - heart) 
The ideal pressures at C- and D-level are calculated in the same way. 
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The stocking pressure (P) at a certain level depends on the tension (T) in the 
compression material and the radius (r) of the limb at that level, according to 
Laplace's law: Ρ = T/r. On each of the levels mentioned the radius of the limb is 
known ( г = circumference/2n cm), assuming a circular cross-section of the limb. 
The necessary tension at B-level T(B) is calculated: 
T(B) = P(B) χ г (N/cm). 
The necessary tensions at Bl-, C- and D-level are calculated in the same way. 
With a pressure determining device (PPD, Stolk 1988) the pressure of a sample 
stocking (Neodurelna quality, cl.3) exerted in vitro on small casks with different 
circumferences is measured. The unstretched circumference of this sample stocking 
at the level of measurement is 16.6 cm. The pressure values and the calculated 
tensions are given in table III.l. 
In this way the relationship between Extension E and Tension Τ for the Neodurelna 
stocking cl.3 is found (Fig.III.3). So for each limb circumference Cx (at each level) 
the necessary stocking circumference Cs can be calculated: 
100 
Cs = χ Cx (cm) 
100 + E 
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Table m . l . Results of stocking pressure measurements using PPD on a sample stocking with 
different extensions respectively, (data are based on measurements performed by N.V. Varitex, Haarlem) 
Stocking 
circum­
ference Cs 
cm 
16.6 
19 
20 
21 
22 
23 
24 
25 
26 
Radius 
r = Cs/2n 
cm 
2.6 
3.0 
3.2 
3.3 
3.5 
3.7 
3.8 
4.0 
4.1 
Extension 
E 
% 
0 
14 
20 
26 
32 
39 
45 
51 
57 
Pressure 
Ρ 
mmHg 
0 
27 
38 
44 
47 
50 
52 
52 
52 
Pressure 
Ρ 
N/cm2 
0 
3.6 
5.1 
5.9 
6.3 
6.7 
6.9 
6.9 
6.9 
Tension 
Т(=Рхг) 
N/cm 
0 
10.9 
16.1 
19.6 
21.9 
24.4 
26.5 
27.6 
28.7 
33 
35 
30 
25 
20 
15 
10 
5 
Tension Τ (N/cm) 
^ yS 
У 
- / 
- / 
/ I I I I I I I I 
10 20 30 40 50 60 70 80 
Extension E (%) 
Fig.n.2.: Extension-Tension relation of a sample stocking (trom table ΠΙ.1) 
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III.4.b. Measurement of stocking pressure 
For measuring the pressure exerted by the stocking on the limb, a number of 
different techniques can be used. The pressure can be measured on a model under 
standardized conditions (Peat 1978, Homer et al. 1980, Weber et al. 1982, Stolk 
1988; Fischbach et al 1991), or with the stocking in situ, on a patients limb, with a 
pressure sensor underneath the stocking (Van der Molen 1962, Holán 1982, van den 
Berg et al. 1982). Substantial differences in the various methods for the 
measurement of the stocking pressure on limb models, makes comparison of the 
results of these methods complicated. Each method has his own pro's and cons. 
The measurement of the actual pressure exerted by a stocking on a patient's limb is 
more complicated than it seems to be. This has to do with the fact that at no level 
of the limb the cross-section is perfectly circular and according to Laplace's Law 
the pressure exerted by the stocking depends not only on the Tension Τ of the 
stocking but also on the local radius of the limb surface. This means that on a flat 
part of the skin surface the pressure exerted by the stocking is zero and at the sharp 
edges of the limb (for example the Achilles tendon and the malleoli) the stocking 
pressure may be very high. So, with a sensor underneath the stocking at a certain 
level the measured pressure depends not only on the tension of the stocking at that 
level but also on the positioning of the sensor. This was already described by Stolk 
(1966) who showed that in one leg, on a level where the radius of the limb locally 
is widely different, the stocking pressure can diverge from 20 - 50 mmHg, depen­
dent on the place of measurement. Our own experiences with such a device (van 
den Berg et al. 1982) were very disappointing. It was almost impossible to obtain 
reproducible and reliable pressure values. It led us to the conclusion that with such a 
measuring technique pressure measurements under elastic stockings in situ are not 
suitable to evaluate the pressure profiles exerted by different stockings on different 
patients. 
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For our study we have tested the pressure profiles of each G-stocking and each A-
stocking with the pressure determining device (PDD, Stolk 1988) especially 
developed for pressure control of compression stockings on a model. This technique 
is also used by the 'centrum TNO Textiel' in Delft which is the Dutch national 
institute for testing the compression hosiery available on the Dutch market 
In fig.HI.4a the mean stocking pressures of the stockings used in this study are 
shown as measured with the PDD at B-, Bl- and C-level (n = 31). In fig.III.4b the 
same results are presented in another way, clearly showing a linearly decreasing 
pressure within the G-stocking. 
At B- and C-level the pressure of stocking-Α is the similar to that of stocking-G. At 
В1-level however, there is a clear pressure dip of 10 mmHg (± 1 mmHg). The 
shape of this dip in fig. 4b is an approximation since with the PDD only the 
pressures at B- Bl and C-level were tested. Special pressure measurements in three 
A- and three G-stockings, 4-5 cm below and 4-5 cm above В1-level were in 
accordance with the curve in fig.III.4b. The stocking pressures of stocking-Α at 
these levels were in the same order as those in stocking-G. 
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Fig.in.3a.: Mean stocking pressures at B-, Bl-, and C-level in the G-stocking and in the A-stocking 
(n = 13 ; SD = 1.2 mmHg) 
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Fig. in.3b.: Graphical representation of the data of Fig.III.3a, plotted against the mean level height 
(n = 31). It illustrates the linearly decreasing pressure gradient in the G-stocking and a pressure dip in 
the A-stocking. 
ra.5 Materials 
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In this study 20 patients (13 male, 7 female) known with Chronic Venous 
Insufficiency (CVI) were selected from the outdoor clinic of the department of 
Dermatology of the University Hospital Nijmegen. All patients had several years 
experience with wearing elastic stockings class 3 on one or both legs. None of the 
patients had any clinical evidence for arterial disease. The age of the 20 patients 
ranged from 26 to 71 years (mean 45 years). 
Of the 20 patients 31 limbs with CVI were submitted for the trial. 
The patients were informed that they had to wear alternately two different types of 
compression stockings. About the differences between both stockings no further 
information was given. 
Ш.6. Time schedule of the study 
Each patient wore stocking-G and stocking-Α alternately for one week during a 
period of 4 weeks. At the end of each week they visited the outdoor clinic in order 
to be subjected to a series of measurements (examination Gl, Al, G2 and A2) 
Time: week 
Stocking 
1 
G 
2 
A 
3 
G 
4 
A 
Examination Gl Al G2 A2 
During the whole week the patients had to wear the stockings as usual: every day 
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from the morning until the evening just before going to bed. During the whole week 
the stockings remained unwashed. The patients were asked to wash the stockings 
before wearing them for the second week. (Frequently washing is recommended by 
the manufacturers as it preserves the elasticity of the natural rubber within the stoc­
king.) 
Each week before the measurements took place the patients were questioned about 
their subjective findings about the stockings, and they were asked if the stockings 
were worn correctly the past week. 
The standardized measurements were carried out always in the afternoon between 
14.00 and 17.00 h. and at a room temperature of 23-25°C. 
With the patient in the supine position limb circumferences were measured with a 
measuring tape at B-, Bl- and C-level with the stocking in situ. In the same 
horizontal position venous distensibility and venous pump function were measured 
by means of strain gauge plethsymography. Then the patient was asked to stand up 
and venous reflux was measured in the standing position also using strain gauge 
plethysmography. In the sitting position with the stockings still in situ the venous 
reflux was measured using photoplethysmography with the probe at the dorsum of 
the foot (at the edge of the stocking). 
The same measurements of circumference, distensibility, venous pump function and 
venous reflux were carried out after the stocking was taken off. With photoplethys-
mograpy not only reflux at the dorsum of the foot was measured but additional 
measurements were made at Bl-level (at the medial side as well as at the lateral 
side of the limb). 
More detailed information about each measurement will be given in the chapters Г , 
V, VI and П. 
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IV. The supine venous pump function test 
IV. 1. Introduction 
Г .2. Method 
Г .З. Theory 
Г .4. Comparative measurements 
Г .5. Discussion 
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Г .1. Introduction 
For the quantification of the venous muscle pump function invasive venous pressure 
measurement in the lower limb has generally been accepted as the golden standard. 
In the motionless upright position the standing venous pressure SVP is measured 
directly with a cánula in a dorsal foot vein (Kuiper 1966, 1971). During 
standardized calf muscle exercises (tiptoeing or walking movements) the pressure 
decreases in ten to twenty seconds to a new stable level which is called the 
ambulatory venous pressure AVP. The pressure decrease SVP - AVP reflects the 
effectiveness of the venous pump function: the higher this pressure reduction the 
better the venous pump function. Therefore a useful parameter to quantify the 
pumpfunction is the walking venous pressure fall: WVp = [(SVP - AVP)/SVP] χ 
100%. 
However, as application of such an invasive method is rather limited, several non­
invasive methods have been developed over recent decades, using strain gauge 
plethysmography (Kuiper and Brakkee 1966, 1971, 1977, 1983), foot volumetry 
(Thulesius et al. 1973, Norgren 1974), light reflection rheography (Abromowitz et 
al. 1979, Wienert and Blazek 1982) and air plethysmography (Christopoulos et al. 
1987). 
In our department we use since more than 25 years an indirect venous pressure 
measurement, using strain gauge plethysmography. With this technique, the volume 
decrease of the foot, resulting from tip-toe movements in the upright position is 
measured and converted into a relative pressure decrease. The pressure-volume 
relation of the foot, necessary for the conversion, is measured in the supine position 
using the same technique. To avoid alterations in venous tone, which occur after 
changing from the supine into the upright position, the patient has to be acclimatized 
for at least half an hour to a room temperature of 28-30°C. This thermal 
conditioning, which is time consuming and not always successful, can be seen as the 
Achilles-heel of this otherwise useful method. 
In this chapter the fundamentals of a new procedure, using the same 
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Plethysmographie technique, are discussed. In this "Supine Venous Pump Function 
Test" the patient is, and remains, in the horizontal position during the whole 
procedure. The measuring site is 5-10 cm above the ankle in the so called gaiter 
area. This new procedure offers several advantages which will be discussed in 
section Г .5. 
IV.2 Method 
The patient lies on a couch in a comfortable supine position, with the knees slightly 
bent and supported laterally by foam pads. The feet rest against a foot support, at an 
angle of approximately 60° (fig.IV.l). A conical pneumatic cuff is applied to each 
thigh, as far as possible towards thé groin. Mercury-in-rubber strain gauges are 
wrapped around the lower leg, 5 to 10 cm above the ankle. 
knee support 
Fig.IV.l .: Positioning of leg. cuff and strain gauges. 
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The measurement starts with inflation of the cuffs to a constant pressure (Ps) of 70 
mmHg. This results in a gradual venous pressure increase due to the venous 
occlusion. The concomitant volume increase is registered by the Plethysmograph, for 
the left and right leg simultaneously (fig.rv.2). 
f cuff inflation deflation \ t | t 
Fig.rV.2.: Volume registration of a supine pump function test of both legs 
(left and right) simultaneously. Ve : expelled volume (%). Ps : cuff pressure (mmHg). 
Maximum volume is achieved when the venous pressure Pv equals the effective 
congestion pressure Pc, which, with the cuffs we use, is approximately 80% of the 
cuff pressure (Pc = 0.8 χ Ps) (Brakkee 1983). Then, still during venous congestion, 
standardized foot movements are performed by the patient: maximum dorsoflexion 
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immediately followed by maximum plantar flexion, and this repeated 10 times, 
during approximately 20 seconds. This muscle pump action causes blood to be 
squeezed underneath the cuff and thus the volume of the limb decreases. In the 
period of rest immediately after the exercise and still during congestion, the volume 
returns to its maximum level, and the expelled volume Ve (%) can be measured. 
After a second exercise and rest period, the cuffs are deflated, and a rapid pressure 
decrease and corresponding volume decrease to the original pre-occlusion level 
follows. 
Additionally a pressure-volume relation is determined. For this purpose the 
maximum volume increases Vc (%) are measured, induced by congestion with cuff 
pressures (Ps) of 80, 60, 40, 30 and 20 mmHg respectively (fig.IV.2, right half). 
By plotting the Vc-values against the venous pressure Pv a curved pressure- volume 
relation is found which is a characteristic of the limb volume distensibility of this 
subject on the spot of the strain gauges (fig.IV.3). With this pressure-volume 
relation it is possible to convert the expelled volume Ve into a pressure decrease Pe 
(mmHg), as indicated in the same figure. This pressure decrease, expressed as a 
fraction of the effective congestion pressure, is a useful measure Pf (%) for the 
muscle pump function: Pf = (Ре/Pc) χ 100% . 
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Ve * ) 
40 "" β0 SO 
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Fig.IV.3a. 
Ve (%) 
20 40 во вО 100 
Pv (mmHg) 
Fig.IV.3b. 
Fig.rV.3.: Pressure-volume relation and conversion of the expelled volume Ve, assessed at a 
congestion pressure of 56 mmHg, into a pressure decrease Pe. The pump function is calculated: 
Pf = (Ре/Pc) χ 100%. 
Example of a normal pumpfunction (Г .За) and of a patient with severe deep venous insufficiency 
(Г .ЭЬ). 
Г .З. Theory 
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For the interpretation of what is happening during the supine venous pump function 
test the following model consideration may be useful. Functionally the veins of the 
limb can be divided into two compartments: the calf pump compartment (p). i.e the 
intra-fascial deep veins within and between the calf muscles, and the extra-calf 
compartment (e), i.e. not only all the superficial veins but the deep veins 
approximately and distally of the calf pump compartment as well. 
The venous pressure Pv in the whole limb is increased by venous congestion using a 
cuff pressure Ps. It may be assumed that during calf muscle exercise the calf pump 
compartment is emptied by the muscle contraction. The relation between the ejected 
volume Vp and the venous pressure Pv depends, by definition, on the distensibility 
Dp of the calf pump compartment. So: 
Vp = D p x P v (1) 
The blood volume Vp is ejected out of the calf pump compartment into the extra-
calf compartment, where in a similar way the relationship between pressure Pv and 
volume Ve defines the distensibility De: 
Ve = D e x P v (2) 
Just before the start of the exercise the venous pressure Pv equals the 
congestion pressure Pc: Pv = Pc 
After several muscle contractions the venous pressure Pv during relaxation decreases 
not further and remains constant at the so called ambulatory venous pressure AVP: 
Pv = AVP 
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In this situation the volume ejected into the extra-calf compartment with each 
muscle contraction is also constant and depends as before on the venous pressure Pv 
and the distensibility Dp of the calf pump compartment: 
Vp = Dp χ AVP (3) 
In the extra-calf compartment with each muscle contraction the venous pressure 
increases with ΔΡ because of the ejected volume Vp. So (from 2): 
AP = Vp/De 
or, with (3) 
ΔΡ = Dp/De χ AVP (4) 
This increased pressure is limited by the congestion pressure Pc, so: 
AVP + ΔΡ = Pc (5) , or (from 4 and 5): 
Pc = AVP ( 1 + Dp/De) (6) 
The venous pump function Pf is defined as the pressure reduction ΔΡ relative to the 
congestion pressure Pc and so (from 4 and 6): 
Dp/De 1 
Pf = ΔΡ/Pc = = 
1 + Dp/De De/Dp + 1 
It is concluded that the pumpfunction Pf depends on the ratio of the distensibility of 
the calf pump compartment and the extra-calf compartment The distensibility of the 
calf pump compartment Dp is likely to be independent of the function of the valves. 
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The distensibility of the veins in the extra-calf compartment De however is expected 
to be higher when more valves of the deep venous system are insufficient With 
intact valves during muscle contraction the blood is squeezed accurately via the 
deep veins towards the heart With insufficient valves during muscle contration the 
blood is squeezed in all directions (like a sponge) and is spread over a larger extra-
fascial space. This means that in that case De will increase, and consequently the 
pump function Pf decreases. 
From the almost always nonlinear shape of the pressure-volume relationship it may 
be clear that Dp and De are dependent on the venous pressure. However for the 
ratio Dp/De such a dependency is small because of the great similarity in curvature 
of Pv-V relations. From representative pressure-volume relations, even in areas with 
highly different distensibilities, it can be shown that, whereas between Pc = 70 and 
30 mmHg D-values may change by 60 to 100 %, their ratio changes by no more 
than 30 %. In this pressure range the influence of Pc on the pump function Pf is 
limited to about 15 %. This means that the choice of the congestion pressure is not 
critical in the measuring procedure. 
IV.4. Comparative measurements 
In fig.IV.3 typical examples are shown of pressure-volume relations and the effects 
of exercise, as obtained in a normal healthy person (fig.IV.3a) and in a patient with 
severe deep venous insufficiency (fig.IV.3b). 
Normal values are the same as in ambulatory venous pressure measurements: on a 
gliding scale a relative pressure fall Pf of more than 70% indicates a good 
functioning of the deep venous system, whereas a Pf-value in the range of 40 to 
45%, or lower, is an indication of severe deep venous insufficiency. 
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To check the independency of Pf from Pc, as expected on theoretical grounds 
mentioned in section Г .З, the pump function Pf was measured with different 
congestion pressures in 16 healthy young volunteers without any sign of venous 
diseases. In 30 of the 32 limbs tested such an independency was found. (In the two 
legs of one subject a significant decreasing Pf was found with increasing congestion 
pressure). Also in patients with venous insufficiency this independency could be 
confirmed. In fig.IV.4 examples are given of the results of a normal subject 
(fig.rv.4a) and of a patient with severe venous insufficiency (fig.IV.4b). 
The results of 221 measurements with this new pump function test have been 
compared (fig.IV.5) with the results of our approved method of indirect venous 
pressure measurement in patients who came to our vascular laboratory for routine 
investigation of the venous pump function via the outdoor clinic of the department 
of Dermatology. The mean Pf in the supine test was 57 % (SD: 15), whereas in the 
former method the mean WVp, as a comparable measure for venous pump function, 
was 55% (SD: 13). The correlation coefficient (r) was found to be 0.71. 
The reproducibility of the function test is satisfactory. In 28 limbs with deep venous 
insufficiency the standard deviation (SD) after four repeated measurements with 
intervals of 1 week were calculated. The mean standard deviation was 5.6%. 
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Fïg.rV.4.: Pump function measured with different congestion pressures in a normal subject (TV.4a) and 
in a patient with severe deep venous insufficiency (IV.4b). Pf appears to be independent of the 
congestion pressure. 
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Fig.IV.5.: Results of 221 routine measurements of Pf compared with measurements of WVp (walking 
venous pressue fall) in the same patients. 
Г .5. Discussion 
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As far as we know, the "Supine Venous Pump Function Test" is the only method 
for measuring muscle pump function that is performed totally in supine position. In 
one publication (Heyning vd-Meyer 1980) a similar idea was mentioned, but it was 
not investigated further. 
This new test results in a quantification of the capacity of the deep veins and ability 
of the muscle pump to reduce an increased venous pressure. Instead of gravity, like 
in all other methods, venous congestion with pneumatic cuffs is used to induce an 
increased venous pressure. 
The place of measurement is 5-10 cm above the ankle, in the so called gaiter area. 
In this more 'muscular' region the influence of variations in temperature, postural 
changes and exercise on capacity vessel tone is small in contrast with the region of 
the foot. By measuring the expelled volume and the pressure-volume relation in the 
same position and at almost the same time, the influences of these venous tone 
variations are excluded. 
Thus the comfortable supine position not only serves the stability of the 
measurement, but also makes a time-consuming and not always succesful thermal 
conditioning superfluous. 
Even more important, however, is that the influence of gravity has been eliminated. 
In measurements in the standing position reflux through superficial veins due to 
gravity can strongly influence the results. In case of such reflux, this must be 
excluded by using tourniquets, but these are difficult to use correctly (Deichmann 
and Zentis 1991). Since in the horizontal position superficial reflux is almost 
completely eliminated, the supine pump function test can determine the degree of 
(in)sufficiency of mainly the deep venous system. In patients with severe varicosis, 
if it is not clear whether the complaints are due to superficial or deep venous 
insufficiency, this test can be of use in deciding what therapy to choose. Also in 
patients with complaints suggesting venous insufficiency, but with no clinical signs, 
this test can show if there is a degree of deep venous insufficiency. 
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As mentioned before, measurement of the intravenous pressure is the gold standard 
for the quantification of venous pumpfunction. In the supine venous pump function 
test the venous pressure reduction is measured indirectly. Other indirect methods 
like foot volumetry and air plethysmography use the expelled volume (Ve) as a 
parameter for venous pump function. 
That this is not a reliable parameter for the measurement of the individual venous 
pumpfunction is shown in fig.IV.6 where the same Ve in two different subjects 
results in a different Pf due to the different (but far from exceptional) height of the 
individual pressure-volume relation. It is clear that the expelled volume not only 
depends on the venous pumpfunction but on the distensibility of the veins as well. 
An alternative might be a comparison of the expelled volume Ve with the congested 
venous volume Vc as a measure for venous pump function: Pf = (Ve/Ve) χ 100%. 
Since in that case the relation between the venous pressure and the venous volume 
is assumed to be linear, which in fact is curved, such a measure cannot be precise 
enough. In fig.IV.7 it is illustrated with very common examples, that the same 
Ve/Vc can result in rather different Pf-values due to the different shape of the 
individual pressure-volume relations. 
The results of this new supine venous pump function test are reproducible and well 
correlated with the results of the former non-invasive method, which on his turn is 
well correlated with direct ambulatory venous pressure measurements (Kuiper 1966). 
In conclusion, the "Supine Venous Pump Function Test" is simple and suitable for 
routine measurements. It is easy to perform by patients, including the elderly and 
disabled, and easy to carry out by laboratory staff. The whole procedure takes 20-30 
minutes. 
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Fig.IV.6.: The same expelled volume Ve, found in two different subjects, results in two different 
values of Pf, due to the different height of the individual pressure-volume relation. 
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Fig.rV.7.: The same ratio Ve/Vc found in two different subjects results in two different values of Pf, 
due to the different shape of the individual pressure-volume relation. 
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V.l. Introduction 
In this chapter the influence of the two different elastic stockings on the volume of 
the limb is evaluated. Changes in limb volume are the result of changes in venous 
volume or the result of oedema formation. In chapter Π it has been explained that 
the reduction of the venous volume is the major factor that figures in the beneficial 
effect of elastic stockings with respect to the prevention of venous thrombosis. 
Another goal of the compression therapy by elastic stockings is the prevention of 
oedema formation, especially in the treatment of patients suffering from chronic 
venous insufficiency or lymphoedema. 
In the literature several methods for the measurement of venous volume or oedema 
are described. They will be discussed in section V.2. 
In this study the effect on the venous volume and oedema formation caused by a 
pressure dip in the pressure profile of compression stockings has been investigated. 
The effect on the venous volume has been evaluated by measurements of the 
pressure-volume relation using strain gauge plethysmography. The procedure is 
described in detail in section .З.а. The influence of graduated elastic stockings on 
the pressure-volume relation was published in 1988 by Brakkee and Kuiper and is 
explained in section .З.Ь. 
Besides the measurements with strain gauge plethysmography, as a measure for the 
limb volume, limb circumferences were measured using a measuring tape. 
V.2. The measurement of venous volume changes and oedema 
Most methods for the measurement of venous volume changes or oedema are based 
on the measurement of the volume changes of the limb. As a measure for the limb 
volume the limb circumference can be measured, by using a measuring tape. For 
oedematous limbs a more precise standard-tension tape-measure has been suggested 
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(Casley-Smith 1981). Absolute volume values are obtained by methods based on 
water displacement. More precise and easier to use is a new technique, the so-called 
Opto-electric volumeter (Göltner et al. 1985; Fischbach et al. 1986, 1991). 
Several methods are available for the measurement of percentage limb volume 
changes like strain gauge plethysmography and air-plethysmography. By using 
venous occlusion strain gauge plethysmography the pressure-volume relation of the 
limb can be assessed (see chapter Г ). The curve of the pressure-volume relation is 
specific for each patient and represents the distensibility of the limb at the site of 
the measurement (the place of the strain gauges). The distensibility-curve can be 
obtained with and without stockings (Brakkee and Kuiper 1988). From the 
differences between the two curves conclusions can be drawn about the venous 
volume in rest, as will be explained in section V.3. 
For the measurement of exclusively the venous volume as well as the oedema 
formation Emter et al. (1989) described an interesting method using a so-called 
'engymetric double radionuclide method'. Two nuclides are used in this method: 
99m-Tc for the in vitro labelling of erythrocytes (representing the intravascular 
space) and Br82 labelling the extracellular space (intra- and extravascular). In 
patients with severe venous insufficiency they found a reduction of the venous 
volume of 50% under elastic stockings and also a reduction of the filtration of 
oedema in the extracellular compartment during sitting. 
Several attempts have been made to develop a convenient objective method for the 
quantification of oedema. Fischer and Müller (1972) used an air Plethysmograph for 
measuring the rate of volume reduction during compression with the same air cuff. 
Belcaro et al. (1989) tried to standardize the clinical finger pitting by the so called 
'ankle oedema coin test'. In 1990 Mourad et al. published their experiences with the 
measurement of skin thickness as a measure for oedema, using pulsed A-scan 
ultrasound (as described by Alexander and Miller 1979 and by Tan et al. 1982) on 
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standardized sites on the lower leg in patients with chronic venous insufficiency. 
They could find a positive relationship between skin thickness and the severity of 
the disease. 
Experiences in our own department with the same technique in patients with severe 
deep venous insufficiency were disappointing and revealed several difficulties in 
measuring skin thickness, especially in affected skin areas with symptoms of chronic 
venous insufficiency like lipodermatosclerosis. In such areas a normally sharp 
reflection on the edge between skin and subcutaneous tissue becomes unclear and 
scattered which makes a reliable measurement almost impossible. In our study we 
used a measuring tape in order to detect possible differences in oedema formation at 
the В1-level, after wearing stocking-G and stocking-Α. In limb circumference 
measurements using a measuring tape, carefully performed by the same investigator, 
the variability is known to be less than 0.5 cm. 
V.3. Distensibility measurement 
.З.а, Procedure. 
For the measurement of the venous distensibility, represented by the pressure-
volume relation, the same procedure was used as described in chapter IV. The 
patient lies on a couch in a comfortable supine position, with the knees slightly bent 
and supported laterally by foam pads. The feet rest against a foot support, at an 
angle of approximately 60°. Conical pneumatic cuffs are put around the thighs, as 
far as possible towards the groins. Mercury in rubber strain gauges are wrapped 
around the lower leg, 5 to 10 cm above the ankle (see fig.IV.l, chapter IV). 
Inflation of the cuff to a constant pressure Ps of 80 mmHg will induce a venous 
congestion and the venous pressure in the limb will increase. The concomitant 
volume increase is registered by the Plethysmograph (fig.V.l). The volume reaches a 
maximum when the venous pressure Pv equals the effective congestion pressure, 
which, with the cuffs we use, is approximately 80% of the cuff pressure (Pv = 0.8 χ 
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Ps, Вгаккее 1983). Then the cuffs are deflated and the congested venous volume Vc 
(%) is measured. In the same way the maximum volume increases Vc (%), induced 
by congestion with cuff pressures (Ps) of 60, 40, 30, and 20 mmHg respectively, 
are measured. 
Fig.V.l.: Measurement of different volume increases (Vc) at different cuff pressures. 
By plotting the Vc-values against the venous pressure Pv a curved pressure-volume 
relation is found which is characteristic for the limb distensibility of this subject at 
the strain gauge level (fig.V.2). The intersection of this curve with the pressure-axis 
is the minimum pressure to induce venous congestion and reflects the venous 
pressure at the level of the congesting cuff. 
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Fig.V.2.: Relationship between venous pressure Pv and limb volume Ve. 
.З.Ь. Elastic stockings and distensibility 
By strain gauge plethysmography it is possible to measure the distensibility of the 
limbs with the stockings in situ, without influencing the pressure (-gradient) of the 
stocking. Since in one patient the shape of the distensibility curve can be different 
depending on the site of the strain gauges, two curves are only comparable if they 
are obtained at the same measuring spot. In fig.V.3. a representative example of the 
distensibility curves are shown of measurements in one limb both with and without 
stocking. The distensibility curve measured with the stocking in situ is steeper and 
higher than the curve obtained without stocking. 
The explanation for this somewhat surprising finding is that due to the compression 
the veins are almost completely emptied whereas in the horizontal position without 
any compression they are normally partly filled, with a venous blood pressure 
between 5 and 15 mmHg (Brakkee and Kuiper 1988). In this context we must 
realize that the venous volume in the limb depends not merely on the venous blood 
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pressure but essentially on the so-called transmural pressure. This is the difference 
between the intravascular venous pressure and the extravascular tissue pressure. 
Normally, without compression, the extravascular tissue pressure is almost zero. 
Wearing elastic stockings however, the extravascular pressure is increased with the 
pressure exerted by the stocking. Since in the horizontal position the stocking 
pressure (> 25 mmHg) exceeds the venous resting pressure (5-15 mmHg), wearing 
elastic stockings will lead to a negative transmural pressure and consequently the 
venous volume will be minimalized to almost zero. 
Vc(%) 
-Θ- without stocking 
- B - with stocking 
0 20 40 60 80 
Pv (mmHg) 
F ig .V.3. : Pressure-volume relations obtained in one patient, measured with and without stocking. 
In fig.V.4. the same venous volume values as in fig.V.3. are plotted against the 
transmural pressure. The curves represent the increase in venous volume at 
increasing transmural pressure (solid lines). The stocking-on curve starts at the 
transmural pressure 0, with minimal venous volume. Without compression the curve 
starts at the venous resting pressure (in this example 8 mmHg). From the stocking-
on curve we learn that at this pressure the limb volume has already been increased 
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by more than 2% (arrows). By shifting the curve without compression vertically 
over this volume increase it becomes clear that both curves coincide and represent 
the same characteristic distensibility. 
Vc(%) 
40 60 
Pv-tran9m.(mmHg) 
Fig.V.4.: The same volume changes as in fig.V.3, plotted against the corresponding transmural 
pressure (Pv-transm.) 
That the compression curve represents the distensibility from the starting point zero 
(with minimal venous volume) is confirmed by measurements on patients wearing 
successively a graduated class 2 and a graduated class 3 stocking. Fig.V.5 shows an 
illustrative example: both stockings exert a pressure above the venous resting 
pressure, and thus in both cases the transmural pressure is negative, with minimal 
venous volume. At the intersection with the X-axis the venous pressure equals the 
extravascular pressure (the transmural pressure is zero). This intersection thus 
represents the pressure exerted by the stocking (which in a class 3 stocking is higher 
than in a class 2 stocking). 
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Fig.V.5.: Pressure-volume relations of one patient, obtained without stocking and wearing a class 2 
stocking and a class 3 stocking respectively. 
Since venous pressures above the stocking pressure will induce a volume increase 
according to the transmural pressure-volume relation, the shape of both curves is the 
same. This only holds for stockings exerting a graduated pressure profile, as will 
become clear in the next paragraphs. 
V.4. Method and materials 
Distensibility measurements were performed in 31 limbs at Bl-level both with and 
without stockings under standardized conditions after wearing stocking G for one 
week (Gl), after wearing stocking A for one week (Al), and then repeated after 
wearing stocking G during a second week (G2) and after wearing stocking A for 
another week (A2). All the measurements were performed in the afternoon between 
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14.00 and 17.00 hrs. and at the same room temperature (23-25°C). Each time before 
the measurements took place the patients were asked if they had worn the stockings 
correctly the past week, and then questioned about the comfort or discomfort of the 
stocking, and about complaints like oedema, tired heavy legs, cramps or pain. 
From all the distensibility curves the intersections with the X-axis were determined. 
As mentioned before, this intersection reflects the venous pressure at the level of the 
congestion cuff. It represents the minimal pressure needed to induce a volume 
increase. Without stocking it is a measure for the venous resting pressure; with 
compression it is a measure for the stocking pressure, but only in case of a 
graduated stocking. 
As explained in section V.3, the distensibility curve obtained with compression is 
higher and steeper than without. At the venous resting pressure (obtained from the 
curve without compression) the concomitant volume increase Vo can be extracted 
from the transmural pressure-volume relation obtained with compression stocking, as 
demonstrated in fig.V.6. In fact Vo is the measure for the volume reduction in the 
horizontal position as a result of compression stocking. From each patient this Vo 
was calculated for stocking-G as well as for stocking-Α. Besides Vo also the volume 
increase at 50 mmHg transmural pressure (V50) was extracted from each curve 
without stocking and from each curve with the G- and with the Α-stocking. With 
V50 a comparison can be made not only between the height of the compression 
curves, but also between the different curves obtained without compression, during 
the weekly sessions Gl, Al, G2 and A2. 
Limb circumferences were measured at B-, Bl- and C-level, both with and without 
stockings. These measurements were made with the patient in the horizontal 
position, with the knees slightly bent and supported laterally, to ensure relaxed calf 
musculature. At В1-level the elastic stockings were marked in order to facilitate 
reproduction of the measuring site. Before each measurement took place it was 
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checked that this В1-mark was situated at the correct height on the limb. 
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Fig.V.6.: Determination of the venous volume increase (Vo) at the venous resting pressure. Vo is the 
volume reduction resulting from elastic compression in the supine position. 
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V.5. Results 
The mean pressure values at the intersection of the pressure-volume relations with 
the X-axis are shown in fig.V.7 and fig.V.8.. Neither the results of the 
measurements after the stockings were taken off, nor the results obtained with the 
stockings in situ, showed any significant difference between stocking-G and 
stocking-A. 
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Fig.V.7.: Mean pressure values at the intersection with the X-axis, as measured without stocking. 
(n = 31) 
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Fig.V.8.: Mean pressure values at the intersection of the X-axis, as measured with the stocking in situ, 
(n = 31) 
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In all 31 limbs it has been found that the distensibility curves measured at the Bl-
level are lower with the Α-stocking than with the G-stocking. In fig.V.9 a 
representative example of one patient is given. 
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Flg .V.9 . : Representative example of the distensibility curves of one patient, measured at the 
examinations GÌ, A l , G2, Al . 
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From the height of the curves it can be concluded that the venous volume reduction 
by the Α-stocking is less than by the G-stocking. This is even more perceptable in 
fig.V.10 where the mean volume increases at the venous resting pressures (Vo) are 
given, obtained from the individual distensibility curves. The difference between the 
stocking-G and stocking-Α is statistically significant (p < 0.01, paired Student t-test). 
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Fig.V.10.: Mean results of Vo (n = 31). 
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The same significant difference between the G-stocking and the Α-stocking is found 
in the results of the V50-values (fig.V.lla). Without compression no statistical 
differences in V50 were found between the curves of Gl, Al, G2 and A2 
(fig.V.llb). 
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Fig.V.U.: Mean results of V50, with (V.lla) and without stocking (V.llb). 
(n = 31). 
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The results of the circumference measurements are shown in fig.V.12. At В and С 
level the effects of the elastic stockings on the limb volume were the same. No 
significant differences in these circumferences were found (fig.V.12a,b). At Bl level 
however, a consistent difference is found between both stockings (fig.V.12c). This 
difference is statistically significant (p < 0.01, paired Student's t-test). 
There is also a significant difference between the circumferences at Bl-level, when 
measured without stocking (fig. 12c right). 
There were no differences in subjective findings by the patient. Almost none of the 
patients experienced any difference between both stockings. Both were found 
comfortably and pleasant to wear. Even the patients who had a measured 
circumference increase of 1 cm or more did not experience any difference in 
subjective complaints. 
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Fig.V.12.: Mean circumferences measured on B-level (V.12a), C-Ievel (V.12b) and Bl-Ievel (V.12c). 
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V.6 Discussion 
As mentioned before in distensibility measurements the intersection of the pressure-
volume relation with the X-axis is a measure for the venous resting pressure in the 
horizontal position. As could be expected, the results in fig.V.7 showed that the 
mean venous resting pressures did not alter after wearing different types of elastic 
stocking, and still remained between S-1S mmHg. 
When measured during compression the intersection of the X-axis is a measure for 
the pressure exerted by a graduated stocking. As seen in section .З.Ь the 
intersection of the X-axis showed a clear difference between a class-2 and a class-3 
stocking. Since the Α-stocking at the В1-level exerts a pressure 10 mmHg lower 
than the G-stocking at the same level, a difference between the G-stocking and the 
Α-stocking at the intersection of the X-axis was to be expected. The results in 
fig.V.8, however, showed no differences between both stockings. This finding can 
be explained by the fact that proximal of the pressure dip the stocking pressure is 5-
6 mmHg higher than on В1-level, (see chapter III, fig.III.4). To induce a volume 
increase at В1-level a venous pressure is necessary above this proximal stocking 
pressure. Besides that, the area of the pressure dip in the Α-stocking of 6-8 cm is 
perhaps too small to influence the measurements. This leads to the conclusion that 
the intersection of the pressure-volume relation with the X-axis can be used as an 
approximate value for the stocking pressure if this pressure decreases gradually 
towards the heart. It is not a suitable parameter to measure pressures exerted by the 
stocking on specific levels on the limb, for instance to study stocking pressure 
gradients. 
Stocking pressure measurements in vitro showed that the pressures exerted by the 
stockings at Bl-level lie between the 40 and 45 mmHg (ІП.4.Ь.). In the distensibility 
measurements however, the pressure values at the intersection with the X-axis are 
evidently lower. To understand this finding we have to realize that the in vitro value 
holds for a circular limb. In vivo however, the stocking pressure depends on the 
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local curvature of the limb. At a relatively flat surface on the limb the stocking 
pressure will be lower than the in vitro-value. In these flat areas the venules will be 
opened at lower congestion pressure. Estimation of the stocking pressure from the 
intersection of the pressure-volume relation with the pressure-axis will always result 
in the lowest pressure value exerted by the stocking at the measuring level. 
As explained before all graduated elastic stockings exerting a pressure higher than 
the supine venous resting pressure, will in the horizontal position empty the venous 
system almost completely. The effect they have on the venous volume in this 
position is the same whether it is a pressure stocking class 1 or class 4. Knowing 
this, the smaller reduction of the venous volume in the horizontal position by the A-
stocking (fig.V. 10) can only be explained by the fact that wearing the A-stocking 
the veins at the В1-level are partly filled. This venous filling is induced by 
congestion resulting from what can be called a tourniquet effect of the higher 
compression pressure proximally (see pressure gradient curve fig Ш.4). The height 
of this venous filling can be determined in the same way as before (section .З.Ь). 
In fig.V. 13 the distensibility curves obtained with stocking-G and stocking-A are 
shown. Shifting the stocking-A-curve horizontally (along the extra transmural 
congestion pressure) and vertically (along the volume increase belonging to this 
extra transmural pressure), it becomes clear that, except for the starting point, the 
distensibility of the limb underneath the Α-stocking in fact is the same as 
underneath the G-stocking. 
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F i g . V . 1 3 . : Shifting the A-curve horizontally along the congestion pressure of 5 mmHg (as a result of 
the tourniquet) and vertically along the concomitant volume increase V5 it becomes clear that the A- and 
the G-curve both represent the same limb dislensibility. 
The circumference measurements confirmed the findings that wearing the A-
stocking, at В1-level the limb volume was increased compared to the G-stocking. 
After the stockings were taken off the differences in circumferences on В1-level 
persisted. This means that the limb volume at В1-level underneath the A-stocking 
was increased, not only as a result of the venous congestion, but also as a result of 
oedema formation. 
This leads to the conclusion that in patients with severe deep venous insufficiency 
the combination of a reduced stocking pressure in an area of 8 to 10 cm and a 
tourniquet effect in the stocking of 4-5 mmHg proximally of this area resulted in an 
congestion of venous blood. Wearing such a stocking one week even lead to an 
75 
increase in limb volume measured after the stocking was taken off. This increase 
can only be explained by the fact that oedema has been formed. 
It is noticable that such clear objective differences between the G- and the A-
stocking are not translated into subjective complaints when the patients were asked 
about there subjective findings. Perhaps wearing it for one week was too short to 
experience any difference between the two stockings. 
It is generally excepted that when elastic stockings are prescribed for patients with 
venous insufficiency, tourniquet-effects must be avoided and the pressure gradient 
exerted by the stocking should be linear decreasing towards the heart. In this study 
these statements are confirmed by the objective findings that venous congestion and 
oedema formation can occur in stockings without such a linear pressure gradient. 
When ready-made elastic stockings are to be prescribed the circumferences on A-, 
B-, and C-level are usually measured. They should match with the circumferences 
the stocking is made for. In most ready-made stockings only two or three different 
lengths are available. The length of the stocking should also match with the length 
of the patient's leg. So it may occur that indeed the circumferences on A-, B-, and 
C-level match with the circumferences of the stocking, but that on (for instance) Bl-
level the stocking is 2 or 3 cm too wide. Fig.V.14 shows the pressures exerted by a 
Neodurelna stocking (class 3) at B-level, using different B-circumferences. It 
illustrates that a few cm difference in circumference can result in a difference of 
stocking pressure of 5 to 15 mmHg. Our study shows that such a difference in 
stocking pressure in a local area can lead to venous congestion and oedema 
formation in patients with severe deep venous insufficiency. 
For the fabrication of made-to-measure stockings at least 6 different limb 
circumferences are measured. The stockings are made according to these 
circumferences and, besides that, also the length of the stocking is made-to-measure. 
It is clear that in ready-made elastic stockings the risk to induce pressure dips or 
tourniquets effects is higher than in made-to-measure stockings. In patients with 
severe chronic venous insufficiency no risks can be taken, regarding the high risk of 
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leg ulceration. In these patients elastic stockings should be made-to-measure to 
ensure graduated compression and to avoid tourniquet effects. 
Stocking pressure 
(mmHg) 
50 
40 
30 -
20 
18 19 20 21 22 23 24 25 
Circumference 
26 27
 ( c m ) 
Fig.V.14.: Hysteresis curve of a Neodurelna class 3 stocking (made for a B-circumference of 21 cm): 
1 cm difference in circumference at B-level leads to a change of 3-5 mmHg in stocking pressure. 
77 
VI. Compression hosiery and venous pump function 
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VI.l. Introduction 
Since in patients with deep venous insufficiency the function of the muscle pump is 
impaired and compression stockings are effective in the treatment of such patients it 
is tempting to assume that the beneficial effect of elastic stockings is based on an 
improvement of the venous muscle pump function. Several authors, by using various 
techniques, have measured the effect of compression stockings on the venous pump 
function in patients with venous insufficiency, but their results are diverging from 
no effect at all to complete normalisation. The conclusions of these studies together 
with our own results will be discussed in section VI.4. 
In this chapter the results are presented of measurements of the venous pump 
function in 31 limbs with deep venous insufficiency, using the supine venous pump 
function test, as described in chapter IV. Measurements were made with the 
stocking in situ and after the stocking was taken off. 
To compare the results of our own study with the results of others, besides the 
effects of compression stockings on the pressure fall Pf (see chapter IV), also the 
effects on the expelled volume Ve (see chapter IV) were evaluated. 
VI.2. Method and materials. 
Pumpfunction measurements were carried out in 31 limbs with the strain gauges on 
В1-level. The measurements were made under standardized conditions after wearing 
stocking G for one week (measurement Gl), after wearing stocking A for one week 
(Al), and then repeated after wearing stocking G during a second week (G2) and 
after wearing stocking A for another week (A2). For further details see chapter Ш. 
Each time the supine pumpfunction test was performed twice, once with the 
stocking on and once after the stocking was taken off. 
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Without stocking the supine venous pump function test was earned out at 60 mmHg 
cuff pressure. Taking into account the correction factor of 0.8 this means an 
effective congestion pressure Pc, as well as a transmural pressure Ptr , of 
approximately 48 mmHg (see chapter IV). With the stocking in situ, the test was 
performed at a higher cuff pressure of 90 mmHg (72 mmHg effective) in order to 
work with comparable Ptr. We found that the pressure exerted by the G-stockings as 
well as by the Α-stockings was 30 mmHg (see chapter V). Consequently with Pc = 
72 mHg the transmural pressure Ptr = 42 mmHg. 
For the calculation of the pressure fall Pf (%) this transmural congestion pressure 
was used: Pf = (Pe/Ptr) χ 100% 
An example of this calculation in one patient is given in fig.VI.l. 
Vc(%) 
-Θ- without stocking 
-B- with stocking 
42 48 
Ptransm. (mmHg) 
Fig.VI.l.: The expelled volume Ve (+: with stocking; -: without) is converted into the pressure 
reduction Pe. The pumpfunction Pf is calculated: 
Pf = (Pe/Ptransm.) я 100%. 
Ptransm. is the congested transmural pressure, at which the pumpfunction test is performed. 
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The mean values of Pf and Ve and their standard deviations were calculated for 
each of the measurements GÌ, Al, G2 and A2. A comparison was made between 
the results of the G-stocking and the A-stocking. 
VI.3. Results. 
In fig.VI.2 the mean results of Pf are shown. The mean Pf, measured without 
stocking, is 49 % and no differences between the results of GÌ, Al, G2, and A2 are 
found. Elastic compression with the G-stocking and the Α-stocking respectively 
results in mean Pf-values of 54% and 57%. The difference between both stockings 
is not significant 
Thus, as a result of the elastic compression Pf was increased from 49 to 56 % (in 
percentage: 15 %). The difference between the Pf-values with compression and 
without compression is significant (p < 0.01 , paired Student t-test). 
Fig.VI.3. shows the mean values of Ve, as found with and without compression 
during each of the examinations GÌ, Al, G2, A2. First, it illustrates that for the 
mean Ve, measured without stocking, no statistical difference between the results of 
GÌ, Al, G2 and A2 are found. 
Secondly, it appears that both stocking G and stocking A have the same effect on 
the expelled volume: the mean expelled volume is increased from a mean of 0,94 to 
a mean of 1.31 % (in percentage: 38 %). This difference is significant (p < 0,01 , 
paired Student t-test). 
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Fig.VI.2.: Mean results of the pumpfunction Pf ¡л 31 limbs with deep venous insufficiency, in the 
measurements GÌ, Al, G2, and A2, found without stocking (VI.2a) and with the stocking in situ (VI.2b). 
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Fig.VI.3.: Mean results of the expelled volume Ve (η = 31) in the measurements Gl, Al, G2, and A2, 
found without stocking ( І.За) and with the stocking in situ (VI.3b). 
VI.4. Discussion. 
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Since a persistent high venous pressure in the upright position is the main cause of 
the chronic venous insufficiency syndrome, assessment of the ambulatory venous 
pressure or the pressure fall is still the best way to quantify the venous pump 
function. 
In this study a mean increase of Pf of 15% was found as a result of the compression 
with elastic stockings. In studies of other authors the results are diverging. Some 
authors found that compression with elastic stockings does not increase ambulatory 
venous pressure fall in patients with deep venous insufficiency (O'Donnel et al. 
1979, Mayberry et al. 1991). Both could find no lowering of the ambulatory venous 
pressure as an immediate effect of elastic compression in direct venous pressure 
measurements in patients with deep venous insufficiency. Homer et al. (1980) on 
the other hand found a significant decrease of ambulatory venous pressure due to 
graded elastic compression in 20 of 22 limbs with deep venous insufficiency. 
Christopoulos et al. (1987) found only a slight decrease of 18 % in ambulatory 
venous pressure in 9 patients with deep vein incompetence. Somerville et al. (1974) 
could not find an immediate effect, but found a decrease in ambulatory venous 
pressure after wearing elastic stockings for several months, even after the stocking 
was removed. Several months after discarding the stockings this effect was 
disappeared. 
From these results in literature, together with the results of our own study it can be 
concluded that, in patients with deep venous insufficiency, the effect of elastic 
stockings on the venous pressure fall is small and cannot be regarded as one of the 
major factors that play a role in the beneficial effects of compression hosiery. 
In volume measurements using footvolumetry Gjöres and Thulesius (1977), 
Rudofski (1980), Jones et al. (1980), Partsch (1984) and Sjòberg et al. (1987) found 
an increase of the expelled volume, due to compression with elastic stockings, 
varying from 20 to 40 %. Their conclusion is that the increase of expelled volume 
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means that the venous pump function is improved. In these studies about elastic 
compression and venous pump function the pump function tests were performed in 
the upright position. As seen in chapter II, in this position the standing venous 
pressure (SVP) at the ankle is about 100 mmHg. Looking at the pressure-volume 
relations with and without compression however it becomes clear that, even with an 
unaltered pressure reduction, the expelled volume Ve with stocking will be larger 
than without stocking (fig.VI.4). This is a result of the fact that the pressure-volume 
relation obtained with compression stocking is higher and steeper than the curve 
without compression, which has already been explained in chapter V. 
Vc (%) 
- Θ - without stocking 
- B - with stocking 
AVP SVP 
Pv (mmHg) 
Fig.VL4.: For the reduction of the standing venous pressure (SVP) to the ambulatory venous pressure 
(AVP), a higher expelled volume is needed with compression stockings than without This is a result of 
the difference in height between the two pressure-volume relations. 
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This example illustrates that it is not justified to regard an increase in the expelled 
volume simply as an improvement in venous pump function, i.e. a lowering of the 
ambulatory venous pressure. 
In our study no differences have been found in the effects of the G-stocking and the 
Α-stocking on either the venous pressure fall or the expelled volume in patients with 
deep venous insufficiency. 
It can be concluded that the effect of a compression stocking on the venous pump 
function, especially on the venous pressure fall, is small and that the graduation of 
the compression stockings seems not to be of great importance in this effect. 
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VII. Compression hosiery and venous refill time 
VILI. Introduction 
П.2. Method and materials 
П.З. Results 
VII.4. Discussion 
88 
Venous pressure (mmHg) 
120 
SVP 
100 
во 
во 
40 
AVP 
20 
0 
[
 I 
RT 
Time 
Fig.Vn.la. 
120 
SVP 
100 
во 
AVP 
во 
40 
20 
Venous 
I 
- I 
• 
pressure (mmHg) 
•x«rcl·· 
ïàf~ 
• ¡л/ i l l ! 
RT 
Pe 
Time 
Fig.Vn.lb. 
F i g . V n . l . : Schematic drawing of a pressure curve obtained in a direct venous pressure measurement 
in a normal subject (Vll.la) and in a patient wilh deep venous insufficiency (VTI.lb). 
By standardized calf exercises the standing venous pressure (SVP) is decreased (with Pe mmHg) to the 
ambulatory venous pressure (AVP). The refill time (RT) is measured in seconds from the end of the 
exercises until the moment the venous pressure has returned to the SVP. 
VILI Introduction. 
As outlined in chapter II insufficiency of venous valves can, in the upright position 
as a result of gravity, lead to venous reflux. 
To judge the venous reflux the venous refill time has been deduced from several 
different measurements like ambulatory venous pressure measurements, footvolu-
metry, strain gauge plethysmography, air plethysmography and photople-
thysmography. All these methods make use of the same procedure: due to standardi­
zed leg exercises in the upright position the venous pressure and the volume of the 
limb are lowered. After the exercise has been stopped the veins are gradually 
refilled due to arterial inflow and, in case of venous insufficiency, to venous reflux. 
The time needed for this refilling is used as a measure for (gravity induced) venous 
reflux. Normally, without reflux, the refill time varies from 25 to 70 seconds, 
dependent not only on the arterial inflow but also on the expelled venous volume. In 
patients with severe venous insufficiency refill times are found of less than 10 
seconds. In fig.VU.la and lb schematic drawings are given of representative direct 
venous pressure measurements in a normal healthy person (la) and in a patient with 
severe deep venous insufficiency (lb). Refill time is measured from the end of the 
exercise to the moment at which the venous pressure is returned to the standing 
venous pressure, or, in volume measurements, untili the venous volume has returned 
to the pre-exercise level. 
In our study digitalized photoplethysmography (dPPG) and strain gauge plethysmo­
graphy (SGP) have been used to evaluate the effects of the G- and the A-stocking 
on the venous refill time (see chapter ΠΙ). 
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Fig.VTI.2.: Registration of digitalized Photoplelhysmography (dPPG) in a normal subject (VII.2a) and 
in a patient with deep venous insufficiency (VII.2b). 
VII.2. Methods and materials 
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Refill times have been measured, both with and without stocking, in 17 limbs with 
deep venous insufficiency, during each of the examinations Gl, Al, G2 and A2 (for 
detailed information see chapter Ш). 
The measurements using dPPG were standardized according to Blazeks (1984) 
recommendations. The patients were examined in the sitting position. After 8 
dorsiflexions of the foot the venous refill time was measured. Each measurement 
was repeated three times and the mean refill time was calculated. The position of 
the probe was, like in routine measurements, at the medial side of the limb 5-10 cm 
above the malleolus. Examples of photoplethysmograms in a normal healthy subject 
and in a patient with deep venous insufficiency are given in fig. VII.2. In addition 
the refill times at the lateral side of the limb (also at В1-level) and at the dorsum of 
the foot were measured. In the measurements during compression with elastic stock­
ings the probe was placed at the dorsum of the foot at the edge of the stocking. In 
this position the presence of the probe did not influence the pressure gradient of the 
stockings. 
Using SGP, refill times have been measured with the patient in the standing positi­
on. Mercury in rubber strain gauges were wrapped around each leg at В1-level. 
Venous emptying of the legs was achieved by making 6 knee bendings, like in 
footvolumetry measurements (Thulesius et al. 1973), whereupon the patient had to 
stand motionless until the volume of the limb had returned to normal. A handgrip at 
the wall facilitates standing motionless after performing the exercises. The duration 
of the refilling was measured in seconds. The measurement was repeated three times 
and the mean refill time was calculated. In fig.VII.3 an example of a registration is 
shown. 
The results of the refill time measurements using photoplethysmography were 
compared with the results of the strain gauge Plethysmographie method. 
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Fig.Vn.3.: Registration with strain gauge plethysmography (SGP). After 6 knee bendings refill time is 
measured form the end of the exercise until the moment the volume has returned to the pre-exercise 
level. 
П.З. Results 
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In table П.1 the mean refill times from the measurements with dPPG at the 
dorsum of the foot are shown. It appears that elastic compression has only little 
effect on the venous reflux: due to the elastic stockings the refill time is prolonged 
from approximately 8-9 seconds to 11-14 seconds (P < 0.05, paired Student t-test). 
There is no significant difference between the effects of both stockings on the refill 
time, neither measured with the stockings in situ nor after the stockings were taken 
off. 
η - 1 7 
wilboulstocking 
witb 
stocking 
Gl 
9.4 ±5.3 
11.5 ± 5 . 3 
Al 
8.5 ±4.5 
13.8 ± 8 . 8 
G2 
8.7 ± 4 . 0 
14.7 ±9.1 
A2 
9.5 ± 8 . 0 
11.8 ± 9 . 2 
Table VILI. Mean refill times (± standard deviation) in seconds resulting from measurements in 17 limbs 
with deep venous insufficiency using dPPG with the probe placed at the dorsum of the foot as found in the 
examination Gl, Al, G2 and A2. 
In table П.2 the mean refill times measured with strain gauge plethysmography at 
В1-level are shown. There appears to be no difference in refill times measured at 
Gl, Al, G2 and A2 after the stockings were taken off. As a result of the compres­
sion with the G-stocking the mean refill time was prolonged from 11 to 13 seconds 
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(ρ < 0.01, paired Student t-test). The refill times during compression with the A-
stocking did not differ significantly from the refill times measured without stocking. 
The difference between the G-stocking and the Α-stocking is statistically significant 
(p < 0.05, paired Student t-test) 
η =17 
without 
stocking 
with 
stocking 
Gl 
11.1 ±7.0 
13.0 ±7.6 
Al 
11.5 ±7.6 
11.5 ±6.5 
G2 
10.9 ±5.1 
12.5 ±6.4 
A2 
11.0 ±4.7 
12.5 ±6.4 
Table П.2. Mean refill times (± standard deviation) in seconds resulting from measurements in 17 limbs 
with deep venous insufficiency using strain gauge plethysmography at В1-level at the examinations Gl, Al, 
G2andA2. 
Table VII.3 shows the refill times measured by dPPG with the measuring probe on 
different spots on the limb in patients with severe deep venous insufficiency. No 
significant difference was found between the refill times measured at the different 
spots. 
Regarding the measurements at the medial side of the limb a small difference 
between the G- and the Α-stocking in their influence on the refill time was found. 
This difference is statistically significant (p < 0.05, paired Student t-test), and was 
not found on the other measuring sites. 
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в - 2 8 
probeat 
dorsum of 
the foot 
probeat 
В1-level 
medial 
probe at 
Bl-level 
lateral 
Gl 
9.8 ±4.8 
7.9 ±3.2 
8.2 ±4.6 
Al 
9.5 ±5.7 
9.0 ±4.7 
8.1 ±5.3 
G2 
10.0 ±6.2 
7.6 ±3.5 
9.2 ±4.9 
A2 
9.9 ±7.2 
9.9 ±6.7 
8.7 ±5.1 
Tabic VTIJ. Mean refill times (± standard deviation) in seconds resulting trom measurements (without 
stockings) in 28 limbs with deep venous insufficiency using dPPG, with (he probe successively at the dorsum 
of the foot, at Bl-level medial side and at Bl-level lateral side, at each of the examinations Gl, Al, G2 and 
A2. 
Comparing the results of both methods dPPG and SGP, the refill times measured 
with SGP at Bl-level after the stocking is removed are approximately 11 seconds, 
whereas the comparable results with dPPG at Bl-level are a few seconds less 
varying from 7.5 to 10 seconds. 
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VII.4 Discussion. 
In the literature several methods for the measurement of venous refill time during 
elastic compression are described. Del Quercio et al. (1986) using 
photoplethysmography put the measuring probe underneath the stocking. In our 
opinion this cannot be done without changing the exerted stocking pressure at the 
site of measurement. Besides, the probe is pressed against the skin surface by the 
stocking, which makes the results difficult to compare with measurements without 
stockings. Because of these problems measurements with the probe underneath the 
stocking are not suitable to study the influences on the venous refill time of 
stockings with different pressure gradients. When the probe is placed on the skin 
through a 1 cm hole in the stocking (Cornwall et al. 1987) or a 3 cm window 
(Samson et al. 1986) it is presumable that the pressure gradient is changed by the 
opening in the stocking, which also makes this method not suitable for the study of 
effects of two different pressure gradients. With the probe against the stocking, like 
Scott Noms (1984) did, the pressure gradient of the stocking remains intact. 
However, due to interferences with the stocking material, the reflected light in this 
situation differs from the reflection in measurements without stockings, with the 
measuring probe directly on the skin surface. 
In our opinion, using dPPG, correct measurement of venous refill time at the Bl-
level during elastic compression is not possible without changing the pressure 
gradient of the stockings. 
Looking at the possibility of measuring venous refill time on other spots on the 
limb, our experiences with the probe at the plantar side of the big toe like Petter et 
al. (1987) recommended, were disappointing. In patients with severe venous insuf-
ficiency refill times found in this way seemed to be prolonged compared to results 
with the probe at the medial side of the limb. Besides there was a wide variability in 
the results. In our opinion differences in the venous tone in the toes, of which the 
skin is highly sensitive to changes in temperature, exercises, medication etcetera, 
complicate a correct standardization of this method. 
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While evaluating the effects of stockings with different pressure gradients in our 
study we put the measuring probe at the edge of the stocking at the dorsum of the 
foot. Experiments we did in healthy volunteers as well as in patients with venous 
insufficiency showed that the refill times measured at this place were found repro­
ducible and comparable with measurements with the probe at the medial side of the 
limb. 
Using SGP with the strain gauges at В1-level around the stocking the pressure 
gradient of the elastic stockings remains intact. In this way influences of this pres­
sure gradient on the venous refill time can be measured correctly. 
For 17 lower extremities known with severe deep venous insufficiency the refill 
times have been measured with and without stockings using dPPG and SGP. Using 
dPPG no differences were found between both stockings: they both prolonged refill 
time, but this prolongation was not impressive and far from normalisation. 
By using SGP a small difference between the effects of the G-stocking and the A-
stocking on the venous refill time could be measured. As a result of compression 
with the G-stockings a slight prolongation of the refill time was found, whereas with 
the Α-stocking no prolongation was found. 
It can be concluded that the influence of the graduated stocking on the venous refill 
time in patients with deep venous insufficiency is small and the differences between 
the influences of the G-stocking and the Α-stocking on the venous refill time are 
negligible. It implicates that small differences in the pressure gradient of elastic 
stockings do not change the effect on the venous refill time. 
Regarding the effects of the stockings on the venous refill time the results of this 
study are in accordance with most findings in literature. By using photoplethysmo-
graphy, both Scott Norris et al. (1984) and Samson et al. (1986), found a slight 
prolongation of the refill time due to elastic stockings in patients with deep venous 
insufficiency. Also using photoplethysmography Cornwall et al. (1987) found a clear 
increase of the venous refill time due to elastic compression in 6 patients with deep 
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venous insufficiency, although the prolongation was less than in patients with 
superficial insufficiency. Using footvolumetry Gjöres and Thulesius (1977) found 
only a small increase from 7 to 10 seconds in patients with deep venous 
insufficiency and from 5 to 7 seconds in post thrombotic limbs. Similar results were 
presented by Stöberl et al. (1989). By using footvolumetry in patients with post p-
hlebitic limbs Jones et al. (1980) also found only a small increase in the half refill 
time as a result of compression hosiery. The prolongation of refill time was more 
pronounced in patients with only superficial insufficiency. 
In venous pressure measurements, both O'Donnel et al. (1979) and Mayberry et al. 
(1991) found no prolongation of the venous refill time by compression with elastic 
stockings. In measurements with air plethysmography Christopoulos et al. (1987) 
found only small prolongations in patients with deep venous insufficiency. On the 
other hand he found clear prolongations of venous refill time in patients with 
superficial insufficiency. 
From the results of this study and the previous results of other authors it can be 
concluded that in patients with deep venous insufficiency the venous refill time is 
only slightly prolonged by compression with elastic stockings, and by no means 
returns to normal values. 
Most of the authors mentioned above explain the prolongation of the venous refill t-
ime as an improvement of the venous pump function. However, considering what 
might be the main cause of the prolongation of the refill time by compression, we 
have to keep in mind that venous refill time depends not only on venous reflux, but 
on arterial inflow and venous capacity as well. About the venous reflux underneath 
graduated elastic stockings much remains unclear. Although insufficiency or absence 
of venous valves is not restored by compression, reduction of the venous volume 
underneath the stockings will increase the venous flow resistance and might in this 
way reduce the venous reflux. 
As shown in chapter V, the pressure volume relation is altered underneath elastic 
stockings. The height of the distensibility curve during elastic compression is 
increased compared to the curve without compression. This is the reason, as seen in 
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chapter VI, that during compression with stockings a higher expelled volume than 
without compression is requested to reach the same reduction in venous pressure. In 
our study the expelled volume was increased with almost 40 % (see chapter V). The 
venous refill time was prolonged with 20 %. This leads to the conclusion that, 
assuming the arterial inflow is not changed by the elastic stockings, the prolongation 
of the refill time underneath elastic stockings in patients with deep venous 
insufficiency can be explained rather as a result of the increase of the expelled 
volume than due to a decrease of venous reflux. An increase in the venous refill 
time found in measurements during elastic compression does not necessarily mean 
an improvement of the venous pump function, i.e. a lowering of the ambulatory 
venous pressure. 
In most studies mentioned above a clear prolongation of the venous refill time by 
compression was found in patients with superficial venous insufficiency. This might 
be explained by the fact that in most of these studies ready-made stockings were 
used. Most of these stockings have a small border at D-level which might cause a 
superficial tourniquet effect that prevents superficial venous reflux and leads to a 
prolongation of the refill time. 
The measurements of the venous refill time using dPPG with the measuring probe at 
different sites of the limb resulted in the same mean refill times. In our opinion, to 
measure venous refill time by dPPG, for practical reasons the medial side of the 
lower limb a few centimeters above the malleolus is preferable. The refill times 
measured with dPPG were a bit shorter than those measured with SGP. Such a 
difference might well be explained by the fact that in both methods in fact different 
things are measured. With dPPG the filling of the venous plexus in the skin 
underneath the probe is measured, whereas in SGP-measurements the whole venous 
system at the level of the strain gauges is involved. 

Vili. Final remarks and conclusions 
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In this final chapter the major results of this study will be recalled and general 
conclusions will be drawn concerning the basic working mechanisms of compression 
hosiery with respect to the venous haemodynamics, especially in patients with 
venous insufficiency. The question whether for these patients elastic stockings 
should necessarily exert graduated compression is already sufficiently answered in 
chapter V. In this chapter the possibilities to guarantee graduated pressure profiles 
are discussed, in ready-made stockings on the one hand and in made-to-measure 
stockings on the other. 
The pressure-volume relation 
In this study, it has been found that the curved pressure-volume relation measured 
with a stocking in situ is, surprisingly, steeper and higher than the one measured 
without stocking (see fig.V.3). This paradoxical difference in the shape of both 
pressure-volume relations disappears when the volume increase is plotted against the 
transmural pressure (this is the difference between intra- and extravascular pressure). 
The consequence of the alinearity of the pressure-volume relation is that the higher 
the transmural pressure, the lower the distensibility of the veins is. In other words, a 
small increase in intravenous pressure results in a volume increase that at high 
transmural pressure is smaller than at low transmural pressure. 
From the differences between the pressure-volume relations with and without 
stocking, a measure can be deduced for the reduction of the venous volume by the 
compression. In the supine position compression stockings reduce the venous 
volume to a minimum. In that position the stocking pressure exceeds the 
intravascular venous pressure and the veins underneath the stockings will be almost 
completely emptied. In the upright position the venous pressure exceeds the stocking 
pressure, and the venous filling then depends on the transmural pressure and on the 
individual pressure-volume relation. The foregoing holds true for stockings with a 
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graduated pressure profile. If a disturbance of the pressure profile of the stocking 
leads to a local tourniquet effect, distally venous blood will be congested and in the 
horizontal position the volume reduction by the stocking will not be maximal 
despite the fact that the stocking pressure exceeds the supine venous resting 
pressure. It may be emphasized that a fundamental understanding of the relation 
between venous pressure and venous volume and the influence of compression on 
this pressure-volume relation is indispensable in studies concerning measurements of 
venous volume during compression. 
The venous pump function 
In this study it has been found that graduated compression in patients with severe 
deep venous insufficiency leads to only a slight improvement of the venous muscle 
pump function. This could be concluded from the small increase in pressure 
reduction (Pf) elicited by standardized leg exercise. On the other hand in the same 
experiments a clear increase in expelled volume (Ve) has been found. This apparent 
discrepancy can be understood as a consequence of the fact that, as outlined before, 
the venous distensibility at a low transmural pressure is higher than at higher 
transmural pressure. This means that even in the case that the pump function (the 
ambulatory venous pressure reduction) is not altered by elastic compression, the 
expelled volume will be increased, only because of the lowering of the transmural 
pressure by the stocking (see fig.VI.4). So, the same pressure fall resulting from 
standardized leg exercise with and without stocking, corresponds to a Ve that is 
larger with compression than without! 
The conclusion must be that an increase in expelled volume, due to compression, 
cannot simply be explained by an improvement of the venous pump function, or in 
other words, volume measurements can only be reliably interpreted if the individual 
relationship between venous pressure and venous volume is determined and taken 
into account 
Since a persistent high venous pressure in the upright position is the main cause of 
the chronic venous insufficiency syndrom, assessment of the ambulatory venous 
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pressure (or pressure fall) is the best way to quantify the venous pump function. 
The venous refill time 
For the same reason it is not correct to interpret a prolongation of the venous refill 
time merely as a reduction of the venous reflux or, even worse, as an improvement 
of the venous pump function. This misunderstanding is also the basis for the 
inaccurate expression, frequently found in publications, 'improvement of the venous 
refill time', instead of 'prolongation of the refill time'. Refill time is a parameter 
depending not only on the venous reflux, but also on the expelled volume and even 
on the arterial inflow. As explained before, although compression leads to a 
reduction of the venous volume, it also leads, paradoxically, to an increase of the 
expelled volume, as a result of the lowering of the transmural pressure. This means 
that, even with unaltered venous reflux and arterial inflow, the refill time is already 
prolonged because of the increase of the volume that has to be refilled! This leads 
to the conclusion that the prolongation of the refill time underneath elastic stockings 
in patients with deep venous insufficiency is not necessarily a result of a decreased 
venous reflux, and that it has to be explained, at least partially, by the high venous 
distensibility underneath elastic stockings. 
It is concluded that in patients with deep venous insufficiency, the effect of 
graduated elastic compression on the venous pump function, regarding ite pressure 
reducing ability, as well as on the venous refill time is small and is only of minor 
importance in the beneficial effect of graduated elastic stockings. 
Basic working mechanism of elastic compression 
The primary beneficial effect of graduated compression stockings is the increase of 
the interstitial (tissue) pressure underneath the stockings, leading to a decrease of the 
transmural pressure (the difference between intra- and extravascular pressure). In 
patients with CVI this leads, on capillary level, to a restoration of the disturbed 
Starling filtration-diffusion balance. The transcapillary filtration rate will be reduced, 
and thus the formation of oedema will be decreased or even prevented. The decrease 
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in transmural pressure and the prevention of oedema both lead to a better 
microcirculation, to less venous complaints and to a reduced risk for developing 
venous leg ulcers. 
Another important effect of elastic compression is the reduction of the venous 
volume, which in turn leads to an increase of the venous flow velocity. This 
explains the decreased risk for developing deep venous thrombosis in bed-patients 
wearing anti-embolism stockings. Although the pressure exerted by these stockings 
is low (15 to 20 mmHg), in the supine position it still exceeds the venous resting 
pressure. Therefore in bed, in immobilized patients, these anti-embolism stockings 
are as effective in reducing the venous volume, and thus in preventing venous 
thrombosis, as stockings exerting higher pressures, which moreover in the supine 
position might hinder the arterial inflow. This was also demonstrated by volume 
measurements by Jansen and Wienert (1991) who, in the supine position, measured 
no differences in volume reduction between medical stockings of different pressure 
classes. It led them to discuss the effectiveness of high pressure elastic stockings. In 
the upright position however, the venous volume will be the smallest underneath the 
stockings exerting the highest pressure. 
Repeatedly it has been suggested that a reduction of the vessel radius in dilated, 
varicose veins by the compression, would lead to a regained functioning of partially 
insufficient venous valves, and in this way to an improvement of the pump function. 
Up till now however, we have not found really convincing proves for these 
statements in the literature. Probably it might be that a reduction of the cross-section 
of the veins leads (according to Ohm's law) to an increased backward flow 
resistance. Perhaps this increased flow resistance leads to diminished reflux and thus 
to an improvement of the pump function. 
The pressure gradient of compression stockings 
One of the objectives of this study was to answer the question whether, for patients 
with deep venous insufficiency, compression stockings should necessarily be made-
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to-measuie. Therefore the effects of the graduated stocking were compared with the 
effects of an alternative stocking with the same pressure profile except for a 
pressure dip at the В1-level. In the non-graduated stocking, at the level of the dip, 
venous congestion and oedema formation could be demonstrated after wearing 
during one week. The patients did not experience any subjective difference between 
both stockings in this period. However, it can be expected that in the long term the 
persistent venous congestion and oedema will lead to a worsening of the skin 
condition and to the development of leg ulcerations. In fact, as mentioned before, in 
legs with chronic venous insufficiency, venous congestion leading to venous 
hypertension and oedema can be regarded as the main cause of the dysfunctioning 
of the microcirculation and of an impaired exchange of nutrients, oxygen and 
metabolic waste products in the skin. It has to be concluded that, in patients with 
deep venous insufficiency, it is necessary to ensure graduated compression in order 
to prevent pressure dips and tourniquet effects in elastic stockings. 
The manufacturing of compression hosiery 
In order to prescribe compression hosiery with an ensured graduated pressure profile 
in every patient, one has to measure the limb circumferences of each patient at at 
least 6 levels (for below knee stockings: A, XY, B, Bl, C, D; see fig.II.2.). Ready-
made stockings can only be prescribed if the circumference of the limb at each level 
matches the circumference the stockings are made for. In all other cases stockings 
should be ordered to be made-to-measure. In everyday practice of prescribing 
compression hosiery however, in below-knee stockings, limb circumferences are 
measured mostly at only 2 levels (B and C). If these limb circumferences are in 
accordance with the measuring scheme of one of the different sizes of ready-made 
stockings, those are prescribed. For ready-made stockings there is mostly a choice 
between 6 (seamless) or 11 (stockings with seam) different sizes, each available 
with two different lengths. Prescribing ready-made stockings in this way however, 
cannot guarantee that the prescribed stockings will fit correctly at every level of the 
limb. The risk that in these stockings at one or more other levels of the limb the 
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pressure of the stocking differs from the ideal graduated pressure profile is 
substantial. As mentioned before, a deviation of 2 or 3 centimeters at one level can 
easily lead to a pressure dip or a tourniquet effect of S to 10 mmHg. The 
consequences of such deviations have been shown in this study. 
In order to produce ready-made hosiery that actually can give a guaranteed 
graduated compression in all patients, in theory, one had to use knitting materials 
that would result in a stocking with stiffness zero. (CEN-definition of stiffness: 'the 
increase in pressure of the stocking when the circumference of the leg increases 
with 1 centimeter, expressed in hPa per cm.'; CEN: European Committee for 
Standardization of compression hosiery). Such stockings would exert the desired 
pressure at each level, independent of the circumferece of the limb at that level. 
It was demonstrated by Heuser (1992) that in hypothetical elastic compression 
stockings with a very low stiffness (0.5 mmHg/cm), still 13% of the German 
population would need made-to-measure stockings to ensure graduated compression. 
The production of such compression stockings is techniquely impossible and at the 
moment, most stockings available on the market have a higher stiffness (between 2 
and 4 mmHg/cm), with the consequence that at least 20 to 60 % of the patients do 
need made-to-measure stockings. Hereby we have to realize that the figures of 
Heuser are based on limb circumference measurements at only 3 levels. If ready 
made stockings had to be in accordance with 6 limb circumferences and also with 
the length of the limb, then these percentages would be even higher. 
Our final conclusion is that in patients with severe chronic venous insufficiency no 
risks can be taken with respect to the prevention of leg ulceration. Therefore, for 
these patients compression hosiery should be made-to-measure, to ensure graduated 
compression and to prevent tourniquet effects. 
Future research 
In chapter Г a new, promising development in the non-invasive measurement of the 
venous muscle pump function has been presented. It is the first time that such a 
measurement is performed with the patient in the supine position. One of the 
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advantages of measuring in this position is that, in theory, reflux through superficial 
veins, that can occur in the standing position due to gravity, is abolished. This 
means that with the supine venous pump function test mostly the function of the 
deep veins is tested. Comparative studies, including the use of ultrasound imaging 
by Duplex scan, are necessary to gain more evidence at this point. Also the 
correlation between the outcome of the test and the severity of the venous disease in 
patients and the predictive value of the test for developing chronic venous 
insufficiency, for instance after a deep veins thrombosis, are subjects that need to be 
worked out further. 
A rather interesting subject for future research would be the 'stiffness' of 
compression hosiery. This term is introduced by the CEN but about the importance 
of this 'stiffness' for the prevention of oedema formation or venous leg ulcers in 
patients still little is known. In the Netherlands, for the compressive treatment of 
oedematous limbs, short-stretch (so-called non-elastic) compression bandages (with a 
very high stiffness) are preferred over elastic long-stretch bandages (with a very low 
stiffness). In a clinically oriented study, supported by advanced non-invasive tests in 
a vascular laboratory, the influence of the stiffness of compression stockings, 
especially on the prevention of oedema formation and on the incidence of 
(recurrent) leg ulcers, could be evaluated. Such a study might add to a further 
improvement and to a more rational use of medical compression hosiery. 
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Summary 
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In this study effort was given to get a deeper understanding in the basic working 
mechanisms of compression therapy with elastic stockings, especially in patients 
with severe venous insufficiency. Another goal of the study was trying to answer the 
question whether, for these patients, stockings should necessarily exert a pressure on 
the limb, that decreases linearly towards the heart, as always is recommended, or 
that small deviations of this pressure gradient can be tolerated. In ready-made 
stockings such deviations can occur more easily, compared to made-to-measure 
stockings. 
In chapter Π some important basic aspects of venous haemodynamics are described. 
The so called venous calf muscle pump plays an important role in reducing the high 
venous pressure in the lower limbs that occurs in the standing position due to 
gravity. In patients with venous insufficiency the pump function is impaired. In the 
upright position this leads to persistent high venous pressures in the leg, which can 
lead to oedema formation and to disturbances in the microcirculation, which in turn 
can lead to skin changes and in the end to leg ulcers. Compression stockings are 
effective in the prevention of these long term consequences of venous insufficiency. 
In literature only a few studies exploring the basic effects of compression hosiery on 
venous haemodynamics can be found. This literature is summarized and discussed. 
Compression therapy is used for ages in the treatment of venous insufficiency and 
leg ulcers. An historical overview of compression therapy, by bandaging and by 
elastic stockings, is given. Finally in chapter II an introduction is given into the 
basic knowledge, necessary for the treatment of venous insufficiency with 
compression hosiery. 
In chapter HI the methods and materials used in the study are described. For the 
measurement of several venous haemodynamic parameters mainly two techniques 
have been used: strain gauge plethysmography and photoplethysmography. The 
122 
effects of two different class III stockings on the venous haemodynamics have been 
evaluated. One stocking has a perfectly graduated pressure profile, which means that 
the stocking exerts a pressure on the limb which is linearly decreasing towards the 
heart. The other stocking is made precisely the same, except for a 6-8 cm wide band 
in the gaiter area, where the stocking pressure is 10 mmHg lower than in the 
graduated stocking. 
During 4 weeks, 20 patients (31 limbs) with severe deep venous insufficiency had to 
wear these stockings alternately for one week. After each week several 
measurements of venous haemodynamic parameters were made. 
For the measurement of the venous pumpfunction a new indirect method was 
developed, based on an approved non-invasive method for measuring the venous 
pressure. This modified method is described in chapter Г . With this so-called 
'supine venous pump function test' the ability of the venous pump to reduce an 
inreased venous pressure is tested, in the horizontal position. The increased venous 
pressure is induced by inflated pneumatic cuffs around the thighs. After standardized 
exercises, still during venous congestion, the expelled volume Ve (%) just above the 
ankle is measured, by means of strain gauge plethysmography. This Ve is converted 
into a relative pressure reduction, by using the individual local pressure-volume 
relation, obtained during the same measuring session. The relative pressure fall Pf 
(%) is a useful measure for the quantification of the function of the deep veins. 
Since the whole procedure is performed in the horizontal position the method offers 
several important advantages, as compared to other methods. 
A study of the influence of compression stockings on the venous volume and on 
oedema formation has been presented in chapter V. By Plethysmographie 
measurement of the pressure-volume relation both with and without stockings, it 
could be shown that in the horizontal position underneath the graduated stocking the 
veins were alsmost completely emptied, whereas underneath the non-graduated 
stocking at the level of the pressure dip venous blood was congested. Wearing the 
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non-graduated stocking by patients with severe deep venous insufficiency for one 
week, led to an increase of the limb volume at the level of the pressure dip, 
compared to the graduated stocking, due to oedema formation. It is concluded that 
in patients with severe deep venous insufficiency graduated compression must be 
ensured. 
In chapter VI the influence of compression hosiery on the venous pump function is 
outlined. In both the graduated and the non-graduated stocking it was found that the 
influence of elastic compression on the venous pump function, regarding its venous 
pressure reducing ability, is small and does not play an important role in the 
beneficial effect of elastic stockings. On the other hand a clear increase in expelled 
volume Ve was found. The difference in increase between Pf and Ve is a 
consequence of the alinearity of the pressure-volume relation. It is concluded that it 
is not justified to identify an increase in the expelled volume simply with an 
improvement in venous pump function. 
In chapter VII the influence of compression stockings on the venous refill time is 
studied. This venous refill time is a measure mainly for the venous reflux. 
Measurements were carried out with strain gauge plethysmography as well as with 
photoplethysmography. With both techniques a small prolongation of the refill time 
was found, but far from normalisation. There were no differences between the 
graduated and the non-graduated stocking. The prolongation of the refill time does 
not automatically mean that the venous reflux is decreased. It might as well be 
explained by the increased expelled volume underneath elastic compression, or by a 
decreased arterial inflow. 
In chapter VIII some final remarks are made. Conclusions are drawn about the 
influence of compression hosiery on venous haemodynamics and the role of these 
influences in the beneficial effect of compression therapy in venous diseases. The 
possibilities to ensure graduated compression for each patient by using ready-made 
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stockings or by using made-to-measure stockings are discussed. Finally, some 
suggestions for future research are made. 
Samenvatting. 
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Doel van deze studie was om meer inzicht te krijgen in de werkingsmechanismen 
van elastische kousen, met name bij patiënten met ernstige diepe veneuze 
insufficiëntie. Daarnaast werd getracht de vraag te beantwoorden of medische 
compressiekousen bij deze groep patiënten een druk op het been dienen uit te oefe-
nen, die lineair afneemt in de richting van het hart, zoals altijd wordt aanbevolen, of 
dat afwijkingen in dit drukpatroon getolereerd kunnen worden. Zulke afwijkingen in 
het drukpatroon zijn in confectiekousen vaker te verwachten dan in maatkousen. 
In hoofdstuk Π worden enkele belangrijke aspecten van de veneuze hemodynamiek 
beschreven. De veneuze kuitspierpomp speelt een belangrijke rol in het verlagen van 
de hoge veneuze druk in de onderbenen die, in rechtopstaande houding, optreedt ten 
gevolge van de zwaartekracht. In patiënten met diepe veneuze insufficiëntie werkt 
deze kuitspierpomp onvoldoende, met als gevolg een voortdurende hoge veneuze 
druk in de onderbenen. Dit kan leiden tot oedeemvorming en tot stoornissen in de 
(huid)microcirculatie, die, op de lange duur, kunnen leiden tot het klinische beeld 
van chronische veneuze insuffiëntie met als eindstadium het ulcus cruris (het open 
been). Medische compressiekousen zijn zeer effectief in het voorkomen van deze 
late gevolgen van veneuze insufficiëntie. In de literatuur zijn slechts weinig studies 
naar de effecten van elastische kousen op de veneuze hemodynamiek te vinden. 
Deze studies worden kort besproken. Een historisch overzicht betreffende 
compressietherapie, zowel met bandages als met elastische kousen, laat zien dat 
compressietherapie al eeuwenlang gebruikt wordt in de behandeling van chronische 
veneuze insufficiëntie en open benen. Tenslotte wordt in hoofdstuk Π een introductie 
gegeven in de kennis die nodig is voor een rationele toepassing van 
compressietherapie met elastische kousen. 
In hoofdstuk Ш worden de gebruikte methodes van de studie uiteengezet Voor het 
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bepalen van verschillende hemodynamische parameters werden voornamelijk twee 
verschillende technieken gebruikt: strain gauge plethysmografie (met behulp van met 
kwik gevulde rubberen buisjes) en fotoplethysmografie (licht reflex rheografie). De 
effecten op diverse hemodynamische parameters van twee verschillende, klasse 3 
elastische maatkousen werden geëvalueerd. 
Een kous had een ideaal drukpatroon, met een druk die lineair afneemt in de 
richting van het hart De andere kous was gelijk aan de eerste, op een klein circulair 
gebied van 6 tot 8 cm breedte na, ter hoogte van de zogenaamde BI-maat, waar de 
druk 10 mmHg lager was dan in de andere kous. Door 20 patiënten (31 benen) met 
ernstige diepe veneuze insufficiëntie, werden deze kousen gedurende 4 weken 
afwisselend telkens 1 week gedragen. Na iedere week werden metingen verricht ter 
bepaling van de diverse hemodynamische parameters. 
Voor de bepaling van de veneuze kuitspierpompfunctie was het nodig een al lang 
bestaande niet invasieve plethysmografische methode te modificeren en te testen. 
Deze vernieuwde methode staat beschreven in hoofdstuk IV. Met deze zogenaamde 
'liggende pompfunctietest' wordt het vermogen van de veneuze kuitspierpomp, om 
een verhoogde veneuze druk te verlagen, getest in een liggende houding. De 
verhoogde veneuze druk in het been wordt verkregen door stuwing met behulp van 
een drukmanchet om het bovenbeen. Gestandaardiseerde kuitspieroefeningen, 
uitgevoerd tijdens de stuwing, verlagen het veneuze volume, door bloed in de 
richting van het hart te pompen. De verlaging van het veneuze volume Ve (%) 
wordt geregistreerd door de plethysmograaf. De verlaging van het volume (Ve) 
wordt met behulp van een tijdens dezelfde meetsessie bepaalde druk-volume relatie 
omgerekend in een drukdaling. De relatieve drukdaling Pf (%) is een bruikbare, 
kwantitatieve maat voor de functie van de diepe venen. Het meten van de 
pompfunctie in horizontale houding heeft een aantal voordelen ten opzichte van 
methodes die in staande houding worden verricht 
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Een studie naar de effecten van de elastische kousen op het veneuze volume en op 
oedeemvoiming is beschreven in hoofdstuk IV. Met behulp van strain gauge 
plethysmografïe werden druk-volume relaties bepaald, zowel met als zonder kousen. 
Aangetoond werd dat, in liggende houding, onder de kousen met lineaire druk het 
volume van de venen praktisch geheel tot nul gereduceerd werd. Dit in tegenstelling 
tot de kousen met afwijkend drukpatroon waar, ter hoogte van de drukverlaging, 
veneuze stuwing werd aangetoond. Het dragen van de afwijkende kous gedurende 1 
week, door patiënten met ernstige diepe veneuze insufficiëntie, bleek tot 
oedeemvorming te leiden op het nivo van de lokale drukverlaging in de kous. 
Geconcludeerd werd dat, bij patiënten met ernstige diepe veneuze insufficiëntie, de 
druk van medische compressiekousen lineair in de richting van het hart dient af te 
nemen. Om afwijkingen in het lineaire drukpatroon te vermijden, dienen voor deze 
patiënten elastische kousen naar maat te worden voorgeschreven. 
In hoofdstuk VI wordt de invloed van elastische kousen op de veneuze pompfunctie 
uiteengezet. Bij zowel de kous met lineair afnemende druk als bij de afwijkende 
kous werd slechts een geringe invloed van de kousen op de veneuze pompfunctie 
(Pf) gevonden. Deze invloed lijkt te klein om een belangrijke rol bij het thera-
peutische effect van elastische kousen te spelen. Wel werd een duidelijke toename 
van het zogenaamde *expelled volume' Ve gevonden. Het verschil tussen de 
duidelijke toename in Ve en de slechts geringe toename van Pf wordt verklaard uit 
de alineariteit van de druk-volume relatie. Het is dan ook onjuist om een toename 
van het expelled volume Ve simpelweg te interpreteren als een verbetering van de 
pompfunctie. 
Hoofdstuk П worden de effecten van elastische kousen op de veneuze 
hervullingstijd uiteengezet. Deze hervullingstijd is vooral een maat voor de veneuze 
reflux en werd gemeten met behulp van zowel fotoplethysmografie als met strain 
gauge plethysmografïe. Met beide technieken werd slechts een geringe toename van 
de hervullingstijd gevonden, nog ver verwijderd van normalisatie. Er werden geen 
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essentiële verschillen tussen de lineaire en de afwijkende kous gevonden. Een 
verlenging van de veneuze hervullingstijd betekent niet automatisch een 
vermindering van de reflux. Zo'n verlenging zou ook verklaard kunnen worden uit 
de toename van het expelled volume onder compressiekousen of door een 
verminderde arteriële inflow. 
In hoofdstuk ГП worden enkele belangrijke slotopmerkingen geplaatst. Er worden 
conclusies getrokken over de invloed van elastische kousen op de diverse 
hemodynamische parameters en de rol van deze invloeden in het therapeutische 
effect van medische compressiekousen op veneuze aandoeningen. De voorwaarden 
waaronder, met confectiekousen dan wel met maatkousen, bij iedere patiënt met ern-
stige veneuze insuffiëntie een goede lineaire drukgradient kan worden gegarandeerd, 
worden besproken. Tot slot worden er enkele suggesties voor toekomstig onderzoek 
gedaan. 
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Stellingen behorende by het proefschrift "Fressure Gradient Tolerance in Compression Hosiery". 
1. Het is beter te spreken van medische compressiekousen ш plaats van elastische kousen of 
steunkousen. 
2. Chronische veneuze insufficiënhe is een functioneel begnp voor een voortschrijdend klach-
ten/symptomencoinplex, met als ultieme sladium het ulcus cruris venosum, dat veroorzaakt kan 
worden door alleai oppervlakkige veneuze ïnsufficiëntie (vances), door alleen diepe veneuze 
ïnsufficiëntie of door een combinatie van beiden 
3. Medische compressiekousen zijn zeer effectief ter preventie van chronische veneuze 
ïnsufficiëntie m post-trombotische extremiteiten. 
4. Bij patiënten met ernstige chronische veneuze ïnsufficiëntie kunnen geringe afwijkingen in bet 
lineair afnemend drukpatroon van medische compressiekousen leiden tot veneuze stuwing en 
oedeemvorming. Om een lineaire drukgradient te garanderen dienen voor deze patiënten geen 
standaardkousen, maar medische compressiekousen 'naar maat' te worden voorgeschreven 
5. Door bet dragen van medische compressiekousen wordt het veneuze volume verkleind en het 
zogenaamde 'expelled volume' tijdens kuitspieracoviteit vergroot. Dat desondanks, bij patiënten 
met ernstige diepe veneuze ïnsufficiëntie, er slechts een geringe toename van de veneuze 
drukdaling tijdens kuitspierpompaktiviteit optreedt is een gevolg van de alineanteit van de 
druk-volumerelatie. 
6. De positieve effecten van medische compressiekousen bij chronische veneuze ïnsufficiëntie 
berusten vooral op verhoging van de weefseldruk, waardoor de transmurale druk (het verschil 
tussen intra- en extravascularre druk) wordt verlaagd. De toepassing van medische 
compressiekousen bij diepe veneuze ïnsufficiëntie leidt met tot een substantiële verbetering van 
de veneuze pompnmclie of vermindering van veneuze reflux. 
7. De titel 'fleboloog', de laatste jaren in toenemende mate ook door basisartsen zich toegeëigend, 
dient beschermd te worden en te worden voorbehouden aan daartoe opgeleide specialisten m de 
chirurgie of de dermatologie. 
8. Aangezien huidziekten eerder tot psychisch onwelzijn leiden dan andersom, is het beter de 
gangbare term psychodermatologie te vervangen door dermatopsychologie. 
9. De grote hoeveelheid medische voorlichtingsprogramma's en -rubrieken in de media hebben 
ertoe geleid dat de zogenaamde kandidatenziekte niet alleen beperkt is gebleven tot de medische 
collegebanken. 
10. (aanstaande) Dermatologen dienen bet gedicht van Cees Buddingh op het nieuwe briefje van 
honderd gulden ook zonder vergrootglas te kunnen lezen. 
11. De toename van de kosten m de gezondheidszorg is recht evenredig met de toename van het 
aantal managers m de gezondheidszorg. 
12. Stellingen bij proefschriften dienen weer verplicht gesteld te worden. 
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